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PREFACE. 



In prepariag the following work, it was intended to pre- 
sent a sj^steinatic and somewbat complete statement of the 
principles of Greology, wilihin such limits that they may be 
llioroughly studied in the time usuaUy aUotted to tfais 
science. 

A sufficient number of leading &cts has been introduced 
to enable the learner to feel that everj important pndple 
is a conclusion to which he has himself arrived ; and yet, for 
the purpose of compression, that fulness of detail has be^d 
avoided with which more extended works abound. In fiir- 
therance of the same object, authorities are seldom cited. 

The consideration of geological changes is made a dis- 
tinct chapter, subsequent to the one on Ihe arrangement of 
materials. It should, however, be remembered tliat these 
processes of arranging and disturbing axe not thus separ* 
ated in time* In nature the two processes are always going 
on together. ' 

It seemed important to exhibit the science with as much 
unily and completeness as possible ; and hence, discussions 
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upon debatable points in Theoretical Geology, so interesting 
to mature geologists, would have been out of place here ; 
and yet those more intricate subjects have not been omit- 
ted. A large proportion of the work is devoted to the 
explanation of geological phenomena, in order to convey an 
idea of the modes of investigation adopted, and the kind of 
evidence relied on. Where diversities of opinion exist, that 
view has been selected which seemed most in harmony with 
the &cts ; and the connection has not often been interrupted 
to combat, or even to state, the antagonist view. 

Technical terms have, in a few instances, been introduced, 
and principles referred to, which are subsequently explained. 
The index will, however, enable the student to understand 
them, without a separate glossary. 

Some may prefer to commence with the second chapter, 
deferring the study of the elementary substances, minerals 
and rocks, to the last. Such a course may be pursued with- 
out special inconvenience. 

Questions have been added, for the convenience of those 
teachers who may prefer to conduct their recitations by this 
means. But, when the circumstances of the case admit of 
it, a much more complete knowledge of the subject will be 
acquired by pupils who are required to analyze the sections, 
and proceed with the recitation themselves ; while the teach- 
er has only to correct misapprehension, explain what may 
seem obscure, and introduce additional illustrations. 
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CHAPTER I. 

OF THE MATERTATiS WHICH COMPOSE THE CRUST OF THE 

EABTH. 

SECTION I. ELEMENTAKT SUBSTANCES. 

There are about sixty substances known to the chemist which 
8X6 considered as elementary ; but most of them are rarely j3iib 
with, and only in minute quantities. A few of them are, however, 
so abundant, in the composition of the crust of the earth, as to ren- 
der some attention to them necessary. 

Oxygen is more widely diffused than any other substance. It 
is an ingredient of water and of the atmosphere, — the former con- 
taining eighty-eight per cent., and the latter twenty-one. Nearly 
all rocks contain oxygen in combination with the metallic and 
metalloid bases, and the average proportion of oxygen which they 
contain is about £)rty-five per cent. ; so that it will not differ 
much from the truth to consider the oxygen in the earth's crust as 
equal in weight to all the other substances which enter into its 
composition. 

Hydrogen occurs in nature principally in combination with 
oxygen, forming water. It is also an ingredient in bitumen and 
bituminous coal. 

Nitrogen is confined almost entirely to the atmosphere, of which 
it forms four-fifths. It enters into the composition of some varie- 
ties of coal, and is sparingly diffused in most fossiliferous rocks. 

One of the most important substances in nature is carbon. It 
constitutes the priAcipal part of all the varieties of coal, as well as 
of graphite^ peat and bituminous matter. A much larger amount 
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of carbon exists in the carbonio acid which is combined with ihe 
oxides of the metalloids and metals. Hie most abundant of these 
compounds is limestone, which contains about twelve per cent, of 
carbon. • • 

In the neighborhood of volcanoes sulphur is found pure and in 
a crystalline form. It is a constant ingredient in volcanic rooks, 
and in several of the most important ores, particularly those of 
lead, copper and iron. The most abundant sulphate is gypsum, 
which contains tweniy-enk per cent, of sulphur. In small quan- 
tities it is widely diffused in rodos, and in the waters of the ocean. 

Chlorine is found principally as an ingredient of rock-salt, which 
contains sixty per cent, of it, and of sea-water, ^hich contains one 
and a half per cent. 

Fluorine is found, though very sparingly, in nearly all the 
unstratified rocks. It forms nearly half of the mineral known m 
Derbyshire spar. 

Of the metals, Iron is the only one that is found abundantly. 
It enters into the compotdtion of nearly all mineral substances. It 
is generally combined with oxygen, and ooQurs less frequently as a 
carbonate or sulphuret. Of volcanic rooks it forms about twenty 
per cent. Its ores are sometimes found in the form of dikes or 
seams, having been injected from bdow ; at other times, in the 
form of nodules or stratified masses, like other rocks of medumioal 
ori^. 

Manganese is likewise extensively diffused, but in very small 
quantity. The other metals are often met with, but their locali- 
ties are of very limited extent. 

Of the metallic bases of the earths and alkalies, Silicium is the 
most abundant. It generally occurs in the form of silex, which is 
an oxide of the metal. There are but few tooks in which it is 
not found in considerable amount. 

Aluminium generally occurs as an orade, in which form it is 
alumina. It is the base of the different varieties of day and oilay- 
slate. It is also a constituent of felspar and mica. 

Potassium is an ingredient of felspar and mica, and henoe is 
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fbtmd in all the piimaiy and in most of the vokanio lodcB, u 
well as in the stratified loAa deriyed from theml 

Sodttim IB a consdtaeDt of a variety of fekpat whieh is som^ 
what abundant in voleanic rocks. Its piiniipal sooroe is the 
CKtensiye beds of rodc-salt, and the same sobstanoe in' a state of 
aolntbn in the waters of the ooean. 

Calcium oonstitates about forty per cent, of limestone, and is 
an ingredient in nearly all igneous rooks. This metal, in ihe state 
of an oxide, is lime. • 

Magnesium is somewhat abundant, but less so than eakaam. It 
isooe of the bases of dolomite and magnedan limestxme, and is an 
ingredient of talo and all taloose rooks. 

The substances now enumerated constitute nearly the entire 
mineral mass of the crust of the earth. They may be arranged in 
the following order : -^ 

I. KON-METALLIG SUBSTANCES. 

OxTGEir. Htobogbn. Nitbogen. 

Cabboh. Sulphitb. Ghlobimie. 

Fluobihs. 

n. MEIAIS. 

IbOH. MABOAmBOL 

m. METALIilO BASES OF THE EARTHS AND ALKAI2K. 
Bi£icn7ii. Aluhxkiux. YfrtAaswu, 

SODIUIC CaXiOIUIC. liAOBBBIini: 

These substances, chemically combined, form Simple Minerals., 



section n. — SIMPLE MINERAIfl. 

All substances found in the earth or upcm its sur&ce, which are 
not the products of art or of organic life, are regarded by the 
mineralogist as simple minerals. About four hundred mineral 
spedes are known, and the varieties are much more numerous ; but 
only a smaU number of them are so abundant as to claim the 

2 
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attention of the geob^t. An aognaintanoe witk the Ibllowing 
species is, however, neoessary. 

Quartz is probably the most abundant mineral in nature. It 
is composed wholly ofnsilex. Its specific gravity is 2.65. It is the 
hardest of the common niinerals, gives sparks with steel, scratches 
glass, and breaks into irregular angular fragments under the hammer. 
When crystallissed, its most common form is that of a six-sided 
prism, terminated by six-sided pyramids. When pure, it is trans- 
parent or translucent, and its lustre is highly vitreous. The 
transparent variety is called rock crystal. When purple, it is 
amethyst. When faint red, it is rose quartz. When its color is 
dark brown, or gray, and it has a conchoidal fracture, it is Jlint, 
When quartz occurs in white, tuberous masses, of a resinous lustre 
' and conchoidal fracture, it is opal. The precious opal is distin- 
guished by its lively play of colors. Jasper is opaque, and con- 
tains a small per cent, of oxide of iron, by which it is colored dull 
red, yellowish red or brown. The light-colored, massive, trans- 
lucent variety is chalcedony. The flesh-colored specimens are 
carndian. When composed of layers of chalcedony of different 
colors, it becomes agate. Several of the varieties of quartz, such 
as amethyst, opal, carnelian and agate, are used to considerable 
extent in jewelry. 

Felspar is composed of silex, alumina and potassa. It resembles 
quartz, but it is not 413 hard, cleaves more readily, and is not gen- 
erally transparent. Its specific gravity is 2.47. Its lustre is 
feebly vitreous, but pearly on its cleavage &,ces. Its color is 
sometimes green, but generally dull white, and often inclined to 
red or flesh-color. 

Mica is composed of the same ingredients as felspar, together 
with oxide of iron. Its specific gravity is nearly three. It is 
often colorless, but frequently green, smoky, or black. It may 
be known by its capability of division into exceedingly thin, trans- 
parent, elastic plates. 

Hornblende is composed of silex, alumina and magnesia. Its 
flpecifio gravity is a little above three. Its color is generally some 
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shade of green. When dark green or black, whether in a maadTe 
or crystalline state, it is common kamMetide. When light green, 
it is actiTtolite. The white variety is tremolUe. When it is ami- 
posed of flexible fibres, it is asbestus ; and when the fibres have also 
a silky lustre, it is amianthus. 

Augite or Pyroxene has, till recently, been oonsideied as a 
variety of hornblende. Its specific gravity is slightly differrat ; 
its composition is the same, and in general appearance it is not 
easily distiaguished from hornblende. It has, however, been made 
a distmct species, because its crystalline form is diffiarent. 

Hypersthene is composed of silez, magnesia and ozide of iron. 
Its specific gravity is 3.38. It doeely resembles hornblende. The 
lustre of its cleavage fiioes is metallic pearly. Its color is grayish 
or greenish black. 

Talc is composed of silex and magnesia. Its specific gravity is 
2.7. It resembles mica in its general appearance and in its lam* 
ellar structure, but it is easily distinguished from it by its plates 
being not elastic, and by its soapy feel. Its color is generally some 
shade of green. Soapstone is an impure variety of talc, of a li^t 
gray color, earthy texture, and is unctuous to the touoL C/Uo' 
rttCf another impure variety, is a dark green rock, massive, easily 
out with a knife, and unctuous to the touch. 

Serpentine is composed of silex and magnesia. Its specific 
gravity is 2.55. It is generally massive, unctuous to the 
touch, and of a green color. It is often variegated with spots 
of green of different shades. With a mixture of carbonate of 
lime it forms the verd antique marlie. 

Carbonate of Lime, or common limestone, is composed of car^ 
Donic add and lime. Its specific gravity is 2.65. It presents a 
great variety of forms. In a crystalline state it is generally trans- 
parent, and when so, possesses the property of double rd&action. 
It may be distinguished &om every other common species by its 
rapid effervescence with acids. It readily cleaves parallel to all 
the faces of the primary fi^rm, which is a rhombohedron. 

Sulphate of Idme^ or Crypsumt is composed of sulphuric add 
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andliiiie. Iti specific grwify is 2.82. Wheaerysiallinefitluuia 
pearly lustxe, is tnuispareiit, and gtm under tibe name of SdenUe, 
Common Gypium resembleB the oiiher earthy limestoiiieB, bat it is 
softer, and may be readily distinguidied by its not e&rvesoing 
with acids. 

To the minerals now eonmarated may be added the Allowing, 
which are of frequent oooimeiioe, bat not in great quantities; 
namely, carbonate of magnesia, oxide of iron, iron pyrites, rook- 
salt, coal, Utamen, sdiorl and garnet 

These simple minenJs, dther in separate masses or miogled 
more or less intimatdy together, compose almost wholly the 
earth's erust 
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ZHS SABXH. 

That portion of the struoture of the earth which is aooesdUe to 
man is called the Gfttf^ of ^A€ eortA. 

The mineral masses which compose it, whether in a solid state, 
fike granite and limestono, or in a yielding state, like beds of sand 
and day, are called rocks. 

The unstratified rocks are Granite, Hyperstbene rook, Lim^ 
stone and Serpentine, and the Trappean and Yoloanio rocks. 

Granite is a rock of a light gray color, and is c(»nposed of 
quartz, felspar and mica, in Tariable jNroportions, confusedly crys- 
tallized together. The felspar is generally the predominant min- 
eral. It is sometimes of a very coarse texture, the separate min- 
erals occurring in masses of a ftot or more in diameter. At other 
times it is so fine-grained that the constituent minerals can scarcely 
be recognized by the naked eye ; and between these extremes there 
is every variety. The term granite is not, however, confined to an 
aggregate of these three minerals. In some instances the felspar 
so predominates as almost to exclude the other minerals, when- it 
is called fdspatkie granite. When the quarts appears in the 
form of irregolar and broken lines, somewhat resembling written 



HINSEAIf MASSES. 17 

characters, in a base of felspar, it laoskHei graphic granite. When 
talc takes the place of mica, it is talcose granite. When horn- 
blende takes the place of mica, it is tyemte. Granite or anj 
rock becomes parphyritic when it contains imbedded crystals of 
felspar. 

There is a rock of crystalline structure, like granite, but of a 
darker color, which is called hypersthene rock. It is composed of 
Labrador felspar and hypersthene. The mineral spedes serpenf 
tine and limestone ofiien occur unstratified in conaderable quantities. 

Volcanic rocks conost of the materials ejected fiom the cra- 
ters of volcanoes. They are composed of essentially the same min- 
erals as trap rocks. When the material has been thrown out in a 
melted state, it is called lava. Lava, at the time of its ejection, 
contains a large amount of watery vapor at a high temperature. 
Under the inmiense pressure to which it is subjected in the volcanic 
£)ci,itmay exist in the form of water ; but when the lava is thrown 
out at the crater, the pressure cannot much exceed that of the 
atmosphere. The particles of water at once assume the gaseous 
form. As lava possesses considerable viscidity, the steam does not 
escape, but renders the upper portion of the mass veaicalar. This 
vesicular lava is called scoria. By the movement of the stream 
of lava, these vesicles become drawn out into fine capillary tubes, 
converting the scoriae into pumicC'Stone, 

A large part of the materials ejected from volcanoes is in the 
form of dust, cinders and angular fragments of rock. These soon 
become solidified, forming volcanic tuff, or volcanic breccia. In 
submarine eruptions these fragments are spread out by the water 
into strata, upon which other materials, not volcanic, are afU)r- 
wards deposited. These interposed strata are called volcanic grits. 

The trappean rocks are composed of felspar, mingled intimately 
and in small particles with augite or hornblende. They also con- 
tain iron and potassa. They are often porphyritic. When they 
contain spherical cavities, filled with some other mineral, such as 
chlorite, carbonate of lime or agate, they are called amygdalaiddl 
trap, 

2* 



Tbe primnpol Tarieties of tnf^ieftD rook bm baaJt, gieea ^odq, 
and tiachjte. In haiaU, tagHo, ta, in Bomo cases, harahteade, b 
tiie predombftnt miueial. It is a heavy, cloB»-{^au>ed roek, of & 
black or dark brown cobr. Grtetutojte di^a Sroai basalt ia 
containing a mnob larger proportion of felspar, lie etrnctore 1« 
more granolar, and frequenllj it assomea ao an"^ (f the wjatal- 
Une ibrm as to pass wsennbl; into gjenito w gramte. It is ai 
daik colored rook, with a alight tii^ tf green, Botb grera Btone 
and basalt are cUspoeed to a»ume the ocdwoqar Sxm, the odomna 
b^ng atmnged at right angles to tlte boeaofthefiflEiUNintowhiidi 
the trap is ii^jeoted. . When It is qvead oat into Ivead lumwotil 



masses, the ookuons ve vertical. (Fig. 1.) Trackste ia compoaed 
prindpalljof felq>ar,iBof agrayidicolor,andioa^ to the toucb. 
Of the straii/ted loolca the fidlomng are the most important : 
Gneiss is a rook cloeelj reeembling granite. It is on aggr^ta 
of the same minwato, bat the pK^oition of mica ia somewhat 
greatOT. 3%e only distiDotiou between them is ihat the ^eiss is 
stratified, but tlie stratifioatinn is often so indistujet t^t it passes 
-iosenabl; into granite. Generall;, howeves, tlie stratification is 
so distinct as to present a marked di&renoe. 

Mica shte is snch a modification of gneiss that the mica 
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b^eomes Aer predonunaiit miBeral, wiih a small intennixtore of 
quartz and felspar. Oonsequentlj the stratification beoomes very 
distinet, m as sometimes to zender the mass divimhte into thin 
sheets. The stmtificatbn is often wavy, and sometimes mnoh 
oQQftorted, 

Sandstone consbts of gndns or fragments of any other xocky 
but more fireq;aently of sOioeons rooks. The fragments are con^ 
solidaiedy somettmes witlKnit any visiUe oement, bat often by a 
paste of aigHboeons or ealcareooa snbstanoe. The edlor Taries 
with that of the rock &om which it was derived. Generally, how- 
ever, it is either drab or is colored red by oadde of iron. The 
fiagments are Scnneiimes so minute as scaroely to ffve the rode the 
a{^earanee of sandstone. When they are of oonaderaUesise and 
rounded, the rock is called conglomerate. When they are angn^ 
hv, it is called breccia. Chreemand is a friable miztare of oH^ 
oeoQS and calcareoias partioksy oobied by a dij^ intermiztnre of 
green earth or chlorite. 

limestone is a very abondant rcxsk, and ooemrs in many difier- 
eat forms; In transparent crystals it is Iceland spar. When 
white and crystalline, it is primary Umestone, saceharine Ume^ 
stone, or stcUuary marble. When sub-crystalline it is generally 
more or less colored. It is often clouded with bands or patches of 
white in a ground of some dark color. When its texture is dose, 
and the crystalli2sation scarcely apparent, it is compact limestone. 
The white, earthy variety is chalk. A variety of limestone com- 
posed of small spheres, is called oolite. Idas is the name given 
to an impure argillaceous variety of a brown or blue color. Any 
rpck which contains a connderable proportion of carbonate of lime, 
and which rapidly disintegrates on exposure to the atmosphere, is 
called marl. Limestone sometimes contains carbonate of magnesia 
It is then magnesian limestone, or dolomite. 

Clay consists of a mixture of riliceous and aluminous eartL It 
is tough, highly plastic, and generally of a lead blue color. It is 
always stratified, and often divided into very thin laminte, which 
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are separated by sprmklings of sand only sufficient to keep them 
distinct. 

Clay slate, or argiUaceotes sckut, is composed of the same mate- 
rials as clay, and difiers from it only in having become solidified. 
lis color is gray, dark brown or black. In some beds it is purple. 
Shale is the same material in a state of partial solidification. On 
exposure to the weather, it soon disintegrates, and is finally recon- 
verted into clay. All the varieties of argiUaceous rock are easily 
distinguished by a peculiar odor which they emit when breathed 
upon. 

Argillaceous slate sometimes takes into its composition portions 
of some other mineral, such as talc, mica, or hornblende. When 
any of these minerals becomes so abundant as to constitute a oon- 
sicbrable part of the mass, the rock becomes talcase, micaeeouSj or 
hornjflende slate. Sometimes this last variety loses all appear- 
ance of a fismle structure, and is composed almost wholly of horn- 
blende. It is then called hornblende rock. 

Diluvium is the name applied to masses of sand, gravel, and 
large rocks, called boulders, heaped confusedly together on the 
Bnr&oe of the earth. It is also called c?r(^. 
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CHAPTER II. 

OF THE ABRAN6EMENT OF THE MATERIALS WHICH COM- 
POSE THE CRUST OF THE EARTH. 

SECTION I. — THE GLASSIIICATION OF BOCKS. 

In the first place, we divide rocks into stratified and «n- 
stratified. This division is one which will in general be eaalj 
recognized, even by the most inexperienced observer ; and the dis- 
tinction is important, because it separates the rocks of igneous ori- 
^ from those which have been produced by deposition of sedi- 
ment from water. 

It will be shown hereafter that a part of the unstratified rocks 
have been fi)rmed at or near the sur&ce of the earth ; that is, they 
have taken their present form by passing from a state of frision to 
a solid state above or between the stratified rocks, as in the case of 
lava (Fig. 2, A). The other unstratified rocks have cooled so as 
to take the solid form below the stratified rocks, as at B. The 
first are called epigene^ or volcanic rocks ; the last, hypogeTie, or 
jfhUoTdc rocks. 

The lowest portion of the second division, the stratified rocks, 
are termed nonfossiliferous, frx)m the fact that they contain no 
evidence of the existence of organic beings at the time when they 
were deposited. Their relation to the other rocks is shown at C. 
It is supposed that these rocks have been subjected to great 
changes by heat from the igneous rocks below them. On this 
account Mr. Lyell proposes to call them metamarphic rocks. The 
other portions of the stratified rocks are fosstliferous, containing 
the remains of organic beings which lived at the period when the 




granite vdns to the gianitio mate below. The gnnite whkh it 
qnairied fbr architectural purposea is ofUn in oomparatdvelj small 
^- 3. quantltiee, disappearing at the distanoe 

of a few hundred yards beneath the 
stratified rock ; or else it exists in the 
Ibrm of isolated dome-shaped masses. 
It is probable (hat, if thej coold be fol- 
lowed sufficiently fer, they would be 
found to be portions of dikes coming 
finm the general mass of granite be- 
low. Even the granite nuclei of the 
great mounts ranges may be ooosid- 
NeA as injected dikee of enormoas mag- 
_nitade. 

Giuiite is itself intersected irith granite veins more frequently, 

perhaps, than any other rocks ; but the vein b a coaieer granite 

P]g, 4_ than the rock which it divides. 

• It is not uDOommoa to find one set 

;• of dikes intercqited and cut off t^ 

<' a second set, and the second by « 

1 third. The sabstance of the dikes 

' was, of coarse, in a liquid state when 

'■', it was injected, and the first must 

- have become solid before the second 

'• was thrown in ; faenoe the dikes are 

.,' of difi^ent ages. Tlie dikes a 6 c, 

'■^ represented in B4g. 4, most have 

been injeoted in the order in which they are lettered. 

It is probable that, by the process of cooling, the liquid mass __ 
ftom which these dikes have proceeded has been gradually scJid- 
i^ing from Ac sorface downwards. If so, it would follow that 
the granite nearest the sur&ce (1, Fig. 2) is the oldest, and the 
newest is that whioh is at the greatest distance below (4). It is 
possible that at great deptba granite may be still forming, — that 
is, taking the solid form, — though of this there can be no direct 
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proof. There is, however, proof that it has been liquid at periods 
of time very distant from each other ; for the dikes sometimes 
reach to the top of the coal fi)rmation (for example), and then 
spread themselves out horizontally, as at a, showing that the rock 
above the coal had not then been deposited. Another dike will 
extend through the new red sandstone, as at 3, and spread itself out 
horizontally as before. These horizontal layers of granite, by their 
position in strata whose ages are known, indicate the periods when 
granite has existed in a liquid state. Granite veins have been dis- 
covered in the Pyrenees as recent as the close of the cretaceous 
period, and in the Andes they have been found among the tertiary 
rocks. 

There are several other rocks, of minor importance, often found 
in connection with granite. Hypersthene rock, in a few cases, 
jforms the principal part of mountain masses. Greenstone is more 
frequently associated with the trappean rocks, but it sometimes 
passes imperceptibly into syenite and common granite. Limestone 
is found in considerable abundance, and serpentine in small quan- 
tities, as primary rocks, and have evidently been fi)rmed like 
granite, by solidifying from a state of fusbn. 



SECTION in. — THE VOLCANIC BOCKS. 

The volcanic rocks consist of materials ejected firom volcanoes. 
They are, however, ejected in very different states ; sometimes aa 
dust, sand, angular fragments of rock, cinders, &c., and sometimes 
as lava streams. In some instances, the lava has so little fluidity 
that it accumulates in a dome-shaped mass over the orifice of erup-> 
tion, and perhaps in a few instances it has been thrust upward in 
a solid state. 

There are Uoo principal varieties of lava, — the trachytic, con- 
sisting mostiy of felspar, and the basaltic, confflsting of hornblende. 
When both kinds are products of the same eruption, the traehytio 
lava is thrown out first, and the basaltic last. The reason of 

8 
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this is, that felspar is lighter than hornblende, and probably rifles 
to the surface of the lava mass at the volcanic fbcns, and the basal- 
tic lava is therefore reserved till the trachytic has been thrown ofEl 

These, like other rocks, have been produced at different epochs. 
There is, however, great difficulty in determining their age. There 
are some differences of structure and composition observed, in com- 
paring the older and newer lavas ; but the only method that can be 
relied on to determine their age is their relation to other rocks. 
When they occur between strata whose age is determined by imbed- 
ded fossils, they must be of intermediate age between the inferior 
and superior strata. 

1. Modern Volcanic Bocks, — Some of the volcanic rocks are 
of modern origin, and are produced by volcanoes now active. The 
total amount of these, and of all the other volcanic rocks, is prob- 
ably less than that of either of the other principal divisions of 
rocks ; yet they form no inconsiderable part of the earth's crust. 
The number of active volcanoes is not far from three hundred, and 
the number of eruptions annually is estimated at about twenty. 
In some cases, the lava consists of only a single stream, of but a 
few hundred yards in extent. It extends, however, not un&e- 
quently twenty miles in length, and two or three hundred yards in 
breadth. The eruption of Mount Loa, on the island of Hawaii, in 
1840, from the crater of Kilauea, covered an area of fifteen square 
miles to the depth of twelve feet; and another eruption of the same 
mountain, in 1843, covered an area of at least fifty square miles. 
The eruption in Iceland, in 1783, continued in almost incessant 
activity for a year, and sent off two streams in opposite directions, 
which reached a distance of fif^y miles in one case, and of forty in 
the other, with a width varying from three to fifteen miles, and with 
an average depth of more than a hundred feet. The size of some 
of the volcanic mountains will also assist in forming an idea of the 
amount of volcanic rocks. Monte Nuovo, near Naples, which is a 
mile and a half in circumference and four hundred and forty feet 
high, was thrown up in a single day. ^tna, which is eleven thou- 
tand feet high, and eighty-seven miles in circumference at its 
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base, has protnblj been prodnoed vlioUy by its own eruptions. A 
large part of the chain of the Andes consists of Tolcanio rock, bat 
the proportion we have not the means of estimating. 
'^. Tertiary Lavat. — There is another olass of volcanic prod- 
octe, nhich are so utoated with leferenoe to the tertiary stntta 
that thej most be referred to that paiiod. The principal locali- 
ties of these lavas, so lar as 3ret known, are Italy, Spain, Central 
France, Hungary, and Germany. They are also found in South 
America. Tboae of Central France have been studied witli the 
most care. They occur in aeveial groups, but tbey were the seats 
of Tolcanic activity during the same epoch, and formed part^ of one 
flxtenuve volcanic re^on. Each of these minor areas, embiadng 
A oirde of twenty or thirty milee in diameter, is covered with hilla 
two or three thousand feet in haght, which are composed entirdy 
of volcanic products, like the cone of .^na. On many of them 
there are perfectly-formed craters still renuuning. Numerous 
Btreams of lava have flowed from these cratcra, some of which can 
DOW be traced, throughout their whole extent, with as much ccr< 
ttunty as if they were eruptiona of the present century. Some of 
the lavas have accumulated around the orifices of eruption, fbrm* 
ing rounded, dome-ahaped eminraioes. These lavas generally con- 
sist of trachyte, and have therefore a low specific gravity, and 
imperfect fluidity. The basaltic lavas have often spread out over 
broad areas, and, when they have been confined in valleys, have 
reached a distance of fi^een miles or more from thdr source. 
There still remain iudicatiims of a cotrent of lava, which was 



thirty miles long, six broad, and in a part of Its oourse from ftoi 
to six hundred feet deep. The above sketch (B^g. 5) will jpvo. 
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some idea of the highly volcamc aspect which the district of 
Auvergne, in France, presents. 

The unimpaired state of some of the cones and craters, and of 
the lava currents, would lead to the impression that these regions 
have been the theatre of intense volcanic action within a very 
recent period. But there is good reason to believe that this has 
not been the case. ** The high antiquity of the most modern of 
these volcanoes is indeed sufficiently obvious. Had any of them 
been in a state of activity in the age of Julius Csesar, that general, 
who encamped upon the plains of Auvergne and lidd siege to its 
principal city, could hardly have &iled to notice them." 

It is equally certain that the commencement of their activity 
was at a late period in the history of the earth. Lava currents 
are frequently found in France resting upon the early tertiary 
strata, but no lava current is feund below them. The later ter- 
tiary strata contain pebbles of volcanic rocks, showing that lavas 
had been previously ejected, but none are found in the older strata 
of this formation. We must, therefore, conclude that these vol- 
canic tracts assumed their volcanic character at some intermediate 
point in the tertiary period. 

When we find that their activity commenced at so late a period 
and closed so long ago, we might be led to suppose that it was of 
very short duration. But a great number of facts, in the present 
condition of the country, require that we should assign to them a 
very prolonged activity. A single instance will be sufficient to 
show the nature of the evidence upon which this conclusion rests. 
The heavy line (Fig. 6) represents the present form of one of the 
valleys. A bed of lava forms the highest point of land repre- 
sented, and a second bed is found in an intermediate part of the 
slope. The position of the upper bed must have been a valley, 
when the lava flowed there. We may represent this valley by the 
line a b c. The slow operation of natural denuding causes at 
length excavated the valley d e h, when another lava current 
flowed through it, covering its bed of pebbles, as before. The same 
denuding causes have at length produced the present valley,/^ h^ 
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These remnants of lavipcnrrents, as thej have famed a yery imper- 
ishable rock, have protected the eubjacent etrata from erosioa, and 
Big. 6. 



fhrniuh evidence of the poution of the valley at difierent periods. 
When we consider with what extreme slowness denuding csases 
produce changes on the surface, and what extensive cbanges they 
have here neverthelesa effeoled io the ioterval between the produc- 
tion of the different lava currents, we are compelled to feel tliat 
that interval was a very prolonged one. Yet this period, however 
long it may have been, was evidently less tlian the period of activ- 
ity of these volcanoes. 

3. Volcanic toc/cs of an earlier date are also found, sometimes 
as distinct lavas, though geuerally as volcanic grits. Thej occur 
interstratified with the cretaceous rocks, and with every other 
formation of the fbssilifcrous series, showing that, from the earliest 
times, these rocks have been accumulating as they now are. 

^he trappean rocks may, in a general classification, be conad- 
ered as volcanic. It will be shown, hereafter, that they are the 
lavas of submarine volcanoes. They do not, however, occur in the 
form of lava currents, but in great tabular masses, generally 
between stratiiied rocks, or in the form of dikes. They are also 
entirely nnconnected with cones or craters. 

The tjrappean rocks occur more or less abundantly in all coun- 
tries. One of tite most noted localities of this rock is a re^on 
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embracing the north of Ireland, and several of the islands on the 
western coast of Scotland. It contains the celebrated Giant's 
Causeway, which consists of a mass of columnar trap ; also Fingal's 
Cave, which is produced by a portion of the trap being columnar, 
^and thus disintegrating more rapidly than the rest, by the action 
of the waves. An immense mass of greenstone trap, which has 
generally been considered as a vast dike, though often a mile in 
thickness, is found extending from New Haven to Northampton, 
on the west side of the Connecticut river. It then crosses to the 
east side, and continues in a northerly direction to the Massachu- 
setts line. Under different names, it constitutes a nearly contin- 
uous and precipitous mountain range for about one hundred miles. 
Dr. Hitchcock supposes this greenstone range to be, not an injected 
dike, but a tabular mass of ancient lava, which was spread out on 
the bed of the ocean during the period of the deposition of the 
Connecticut river sandstone. It was subsequently covered with a 
deposit of strata of great thickness, and then by subterranean foroes 
thrown into its present inclined position. 

There is a mass of basaltic rock in the valley of the Columbia 
river, in the Oregon Territory, which extends without interruption 
for a distance of four hundred miles. Its breadth and thickness is 
not known, but in some places the river has cut a channel in this 
rock to a depth of four hundred feet. Its age has not been deter- 
mined, and it will, perhaps, be found to be a tertiary or modem 
production. 



SECTION IV. THE NON-FOSSIUVESOUS STRATIFIED (OB METAMOB- 

PHIC) BOCKS. 

1. G7ieiss is the most abundant rock in this class, and is gen- 
erally found reposing on granite. Its stratification is sometimes 
very distinct, but it is often so imperfect that it can scarcely be 
recognized. This is more frequently the case in the vicinity of 
granite on which it rests, and into which it insensibly passes. A 
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large part of the material used for building purposes, under the 
name of granite, is obscurely marked gneiss. In all primary 
countries it is an abundant rock, occupying extensive districts, and 
sometimes forming mountain masses. 

2. Mica slate lies next above gneiss, and is a very abundant 
rock. As it differs from gneiss only in the proportion of mica 
which it contains, and as the quantity of mica in it is very dif- 
ferent in different places, it is often difficult to make the distinc- 
tion between them. It also passes by insensible degrees into the 
argillaceous rocks. Many of the ar^llaceous rocks are found, upon 
close examination, to contain mica in minute scales in such abund- 
ance as to make it doubtful whether they ought not to be regarded 
afl mica slates ; that is, the metamorphic action by which argillaceous 
slate is converted into mica slate had proceeded so far, before it was 
arrested, that it becomes impossible to say whether the argillaceous 
or micaceous characters predominate. 

3. Argillaceous slate, — The last rock of this series is a slaty 
rock, more or less highly argillaceous. It does not differ in litho- 
logical characters from the same rock in the higher strata. It is 
doubtful whether the roofing-slates should be considered as belong- 
ing to the metamorphic series or not. They have been su]>jected 
to a very high degree of metamorphic action, and yet strata inti- 
mately associated with them have, in occasional instances, contained 
fossils. 

It is not easy to fix the exact upper limit of this series. The 
fossils are few, obscure, and seldom met with in the lowest fossil if- 
erous series ; and the transition is very gradual from the distinctly 
metamorphic to the fossiliferous rocks. This renders it impossible 
always to determine accurately the line of separation. 

The gneiss, mica slate and argillaceous slate, have the order of 
superposition in which they are here named. They differ only in 
the amount of metamorphic action to which they have been sub- 
jeoted ; and the gneiss which is most highly metamorphic has, by 
being the lowest, been most acted upon, — the mica slate less, and 
the argUlaoeous slate least. In a particular locality, however, the 
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lowest rock which was subjected to these causes of change, instead 
of having been of such a character as to produce gneiss, may have 
been a limestone, and in that case the^ lowest metamorphio rock 
would be a saccharine marble. In another locality the lowest rook 
may have been a sandstone, which would be converted into quartz 
rock. Hence there may occur, in any part of the metamorphio 
series, crystalline limestone, quartz rock, hornblende slate, chlorite 
slate, and talcose slate ; and any one of these rocks may be as 
abundant in any particular region, as gneiss, mica slate or argillace- 
ous slate, is in another. 

The metamorphio rocks occur in all countries where there has 
been any considerable amount of volcanic action, and their total 
amount is very great ; but their stratification is so confused and 
contorted, their superposition so irregular, and denudations have 
been so extensive, that no estimate can be made of their thickness. 
They are, perhaps, equal to all the other stratified rocks. 



SECTION y. — THE FOSSILIFEROUS ROCKS. 

The fi)8siliferous rocks are divided into seven systems, which are 
readily distinguished by the order of superposition, lithological char- 
acters and organic remains. These systems arc the Silurian, the 
Old Bed Sandstone, the Carboniferous, the New Bed Sandstone, the 
Oolitic, the Cretaceous, and the Tertiary systems. There is also 
an eighth system now in process of fi)rma1ion. 

It is the opinion of some geolo^ts that there is another system 
situated between the metamorphio rocks and the silurian system. 
It has been called by Dr. Emmons, who has studied it with much 
care, the <*Taconic System," the Taoonio Mountains, in the 
western part of Massachusetts, being composed of these rocks. It 
is the lower part of what has been called, in England and Wales, 
the Cambrian system. 

The strata of this system have a nearly vertical pomtion, and 
consist principally of black, greenish and purple slates, of great 
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uckness. Granular quartz rock, however, occurs in considerable 

lantity, and in this country two thick and important beds of 

jiestone are found. These limestones are occasionally white and 

crystalline. Generally, however, as a mass, they are a dark, nearly 

black rock, with a network of lines of a lighter oolor. All the 

clouded marbles for architectural and ornamental purposes are Scorn 

iheae beds, and our roofing and writing slates are all obtained from 

he argillaceouif portion of this system. 

The number oP species of organic remains contained in this 
sjTstem is very ^mall, and these, so &r as discovered, belong to the 
annellida^ with a few doubtful cases of moUusca. This system of 
rocks is found coming to the surface in a large part of New Eng- 
land, and the eastern part of New York, also in the western part 
of England and Wales. 

Those geologists who deny the existence of this system consider 
these rocks as parts of the silurian system which have been most 
disturbed by subterranean forces, and most altered by proximity to 
igneous rocks. The annexed sketch (Fig. 7) will exhibit the 
relations here referred to. Certfun portions of the silurian rocks 
are supposed to have been thrown into folds by the upheaval of the 
primary rocks. The plications nearest to the intrusive granite 
would be most altered. That part of the figure betow the line a a 

Fig. 7. 



represents the outcropping edges as they now appear, the upper 
portion of the folds ha\ing been removed by some abrading cause. 
As it is yet uncertain which of these views is correct, conve- 
nience will justify us in retaining the name of Cambrian system till 
Aurther investigations shall settle the question. 
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1. The Silurian System. — The following tabular afrangement 
exhibits the divisions of the system as recognized in England, in 
New York, in Pennsylvania and Virginia, and in Ohio. 
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This name, SUuriatiy was first used to designate the lowest 
well-characterized fossiliferous rocks in England. But it is now 
used to embrace the whole system as it occurs elsewhere. It is 
well exhibited in New York, both in consequence of its great 
devdopment there, and because the whole system is only slightly 
acted upon by disturbing forces, so that the outcropping edge of 
each division extends over a large surface. 

This system is of great thickness, amounting, in places where 
it is well developed, to twenty thousand feet. 

The Champlain division oonmiences with a quartzose sandstone, 
passing gradually into limestone, which is succeeded by a very 
thick argillaceous deposit, the Utica slate and Hudson Biver group. 
The Ontario division in the lower part is a mass of sandstone. 
Above this is the Clinton group, consisting of shales and sand- 
stones. The most important part of this group, in an economical 
point of view, is a fossiliferous, argillaceous iron ore, coextensive 
with the group in this country, and is worked to supply a large 
number of fiirnaoes. The last of the division is the Niagara group, 
which commences with a mass of shale, and becoming at length 
calcareous, it terminates in a firm compact limestone. This lim^ 
stone has withstood the action of denuding causes better than the 
shales either above or below it. It therefore presents a bold 
escarpment at its outcrop, and occasions waterfalls wherever 
streams of water cross it. The fiills of Niagara are formed by this 
rock. The Niagara limestone, in its extension westward, becomes 
the lead-bearing rock of Missouri, Iowa and Wisconsin. The 
Helderberg division is a succession of highly fi)6siliferous limestones, 
with the intervention of only occasional beds of grits and shales. 
One member of the series is the Onondaga Salt group. The water 
obtidned from this group in New York annually fomishes immense 
quantities of salt. The Erie division consists of a thick mass of 
shales and sandstones. 

/llie fossils of this system are very numerous, but consist mostly 
of the lower fi>rms of animal life. Conds (Figis. 8 and 9) are 



abnndaat, and oonatitate in some places a large proportion of 
tbe limestoiiM, The CrinoiiUa, or lily-shaped aninmls, consist 
_ „ of a jointed stem permaneotly at- 

tached, and bearing at the free 
, extremity of the stem an expaad- 

ed portioD, which ia Uio pelvis, or 
digeBlJTe cayity. The mouth is 
Rurroimded with a series of leaf- 
: like tentacula, which serve the pur- 
pose of seizing and holding food. 
Fig. 10 represents the pelvis of 
(me of the mlnrian fossils. The 
genera] oharaoter of the animal is 
better represented by fig. 30. 
The meet abnndant faeails of this 
period are the lowest orders of 
Mmbie moUuKa (Fig. 11). The 

Cephalapoda are diaiaoteriied I^ 

having the o^ans of locomotion attached to the head. The shell 
(f Beveral speoee is peculiar in bedng divided into distinct cells, or 

Hg-O. 



dumben (1^. 12, fi i), perfbrated l^ k tidn (i^^nmole a). These 
ftanl sheila are Bometimes stiught, u the Orthoceria (Fig. 18), or 



otnTfid, M ahown in the aeversi fbmui of Ii%. 14. The Trilciite 
Kg. 11- 





wiB an artiool&tcd, orostaoenis 



animal, haTOig tiro linea along tba 
Kg. 16. 




(■ok diriding it into time lobes, flom wldck i^mimstMwe ita ni 
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Hg. 13. 



Fig. 14. 




IS derived. It is found in great 
nambers in the silnrian rocks 
(Fig. 15). In a few instances 
remains of fishes have been 
found, but they by no means 
characterize the system. 

The geographical range of 
this system is probably great- 
er than that of any system of 
rocks above it. It is found 
occupying a large part of the 
territory west of the Allegha- 
ny Mountains, from Canada, 
through New York, and the 
other states, to Alabama ; and 
extending westward to and 
beyond the Mississippi river. 
It occupies a large district in 
the west of England, and is 
found in great force in the 
north and east of Europe. 
2. The Old Bed Sandstone. — This formation consists almost 
entirely of a sandstone of a red color. It admits of division into 
three parts, though the characters vary in different places. The 
lowest is a thin-bedded argillaceous sandstone, consisting of finely 
levigated material, and easily splitting into thin sheets. From this 
circumstance it has received the name of tUestone, The middle 
portion is composed of nodules or concretions of limestone im- 
bedded in a paste of red sand and shale. This has been called by 
English geologists, comstone, and though very partially developed 
in some regions where the system is found, it is yet a very persistent 
member. The highest member of this formation is a mass of red 
sandstone, often passing into a coarse conglomerate. In England 
the thickness of the Old Bed Sandstone is not less than ten thou- 
sand feet. In this country it is scarcely three thousand feet ^ « 
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The&smlBof thiBByBtemueafewBliells, asmall nomberof T^ 
etable species, and in particnilar localities the remains of fishw in 
great abundance. The BjBtem is char- Rg, u, 

acterized principal]; bj fbesils of this 
last kind. [Hie fishes of this system 
have a cartilaginoas skeleton, bat are 
covered with plates of bone, which 
were &ced externsllj with enamel. 
The jaws, which comaBtod of solid 
bone, were not covered with integu- 
ment. The exterior bony covering 
seems to have been the true skeleton, 
as is, in part, the case with the tor- 
fanse. In some of t^ fishes of tbis 
period there is a wing-like expansion 
on each side of the neck, which has 
given them the name of Pteryc/f 
this (Fig. 17). In others, as the Ce- 
phalaipit, the plate of bone on the 
back is so large as to cover nearly 

tbe whole body, and make it resemble , 

a trilobite [1%. 16). 

TtuB system has an extensive geographical range. In England, 
it occupies a band of several miles in width, extendicg fh)m the 
Welsh border northward through Scotland to the Orkney Islands. 
In this country, it forms the Catsktll Mountains, in New York, 
and extends south and west so as to underlie the coal-fietda of 
Pennsylvania and Tirginia. 

8. The CaThoniferout System. — This system consists of three 
parts, distdngoished by lithologioal and fossil characters. 

The carbomfeTims limestone b a dark-colored, compact lime- 
stone, forming the base of the system, and reposing on the old red 
sandstone. Its thtokness is from six hundred to one thousand 
feet, often with scarcely any intermixture of a&et rock ; but it 
aometimes loses its oharaoter of a limestone, and beoomes a sand- 



■tnie, <a oongbmerate. It geneiBlly contuna the ores of lead ii^ 
OODffldenble quantity, and from this cinamstauce baa been called 



metaUiferma limestone. In England it is the prindpal refnai- 
tory of these oree. In the Western States it is the upper portion 
of the Ifiad-bearmg strata. 

The foHsUfi are marine, and vray numerouB. Corals and ori- 
noidea are very abundant. The crinoidea, in some localities, form aa 
large a part of the rook as to have ^ven to it the name of encrinal 
limestODe. The orthoceias ukd triloUte are fi)und, but become 
extinct with this formation. Several epeoies of Invalves, sooh as 
Deltliyris and Leptsena, are also common. 

Next above tbe limestone lies the aandstone, sometimes called 
mSUtcme grit. It is generally drab-colored, bat oocasiohally red. 
Ita thickness is often equal to that of the limestone. Sometimes 
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it is fine-grained and compact ; but generally it is coarse-grained, 
and often passes into a conglomerate. It contains but few fossils, 
and those of vegetable origin. 

The highest part of the system is the coal measures. They 
oonsist of beds of sandstone, limestone, shale, clay, ironstone and 
coal, occurring without much uniformity in their order of super- 
position. The <$oal measures have a thickness of about three thou- 
sand feet. The sandstones and limestones are not distinguishable 
from the sandstones and limestones in the lower part of the sys- 
tem. The ironstone either occurs in concretionary nodules, often 
formed around some organic nucleus, or it is an argillaceous ore, 
haying a slaty structure. In either case, it conasts of subordinate 
beds in the shale. The coal consists of several beds distributed 
through the measures. The beds vary in thickness from a few 
lines or inches to several feet. In a few cases beds have been 
found measuring fifty or sixty feet in thickness. The workable 
beds are ordinarily &om three to six feet thick. 

The carboniferous fi)nnation is very much disturbed by dikes, 

see also Fig. 50), 
and other disloca- 
tions. The amount 
of change of posi- 
^ tion in the strata, by 
faults, is very va- 
rious ; frequently 
but a few feet. In 

one case in England there is a fault of nearly a thousand feet. 

There is a case of dislocation in Belgium where the strata are bent 

into the form of the letter Z, so that a perpendicular shaft would 

cut through the same bed of coal several times. 

The characters and order of superposition which have now been 

given may be regarded as the general type of the carboniferous 

formation. There are, however, several important modifications. 

1. Beds of coal sometimes alternate with beds of millstone grit. 

4* 
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Thus, in Soolilaiid and in the north of Engknd, this mtermediate 
member of the system disappears, or, rather, is incorporated with 
the ooal measures. The same is trae, to oonmderable extent, in 
this country. 2. Sometimes the carboniferous limestone also dis- 
appears as a distinct member of the system, partly by becoming 
arenaceous, and partly by the intercalation of beds of coal. In 
this last case, the whole formation from the old to the new red 
sandstone becomes a series of coal measures. In this country the 
carboniferous limestone is found very generally to underlie the 
coal strata. 3. The fractures and faults, which were formerly sup- 
posed to be characteristic of the coal formation, are seldom found 
in the great coal-fields of this country, except in those of the 
anthracite cool of Pennsylvania ; and even there they are much 
less common than in the coal-fields of Eun^. 

There are three principal varieties of ooal, distinguished by the 
different proportions of bitumen which they contain. The oonunon 
bituminous coal kindles readily, emits much smoke, and throws 
out so much liquid bitumen that the whole soon cakes into a solid 
mass. It contains about forty per cent, of bitumen. The second 
kind, or cannel coal, contains twenty per cent., and inflames easily, 
but does not agglutinate. The stone-coal, or anthracite, contains 
scarcely any bitumen, ignites with difficulty, emits but little smoke, 
and produces a very intense heat. The bituminous varieties are 
always found in the least disturbed portions of the coal districts ; 
and the anthracite is found in the more broken and convulsed por- 
tions, where we may suppose that the subterranean heat has been 
sufficient to drive off the volatile bituminous part, and reduce it 
to the anthracite form. Hence the eastern Pennsylvania coal- 
fields, whidi lie near the principal axes of elevation of the Appa- 
lachian Mountains, furnish only anthracite ; while the same coal- 
seams, in their extension to the western part of the state, are 
bituminous. 

Where coal is quarried in large quantity, a shaft is sunk through 
the overlying strata to the coal-beds, and the coal is raised to the 
surfiioe by steam power. After the cool has been quarried to some 
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distanoe from the shaft, pillan of anqnarried ooal are left to sap- 
port the overlying strata. Fatal aoddenia have sometimes occorred 
bj the giving away of these supports. Over a large part of the 
eoal-fields of the United States it has not yet become necessary to 
sink shafts. The quarrying is commenced at the outcrop of the 
Goal-bed ; and, till the cover becomes of considerable thickness, it 
has been found economical to " strip " off the overlying rook, rather 
than to work a subterranean gallery. 

Brine-springs are often &und in the coal measures of sufficient 
strength to be used in the manu&cture of salt. This is now done 
to considerable extent in Ohio. In the valley of the Kenhawa 
river, Kentucky,' the rocks of which belong to the carboniferous 
system, the brine is nearly saturated with salt ; and in some of the 
borings they have even discovered beds of rock-salt of great thick- 
ne» and purity. 

There is no other part of the geological series so obviously con- 
nected with national prosperity as the coal formation. While a 
country is new, the forests furnish an abundant supply of fuel ; but 
in the course of a few years these are consumed. This country will 
soon be principally dependent upon its coal-mines for fuel, even for 
domestic purposes ; and, in carrying on the great branches of 
national industry, such as the smelting and working of iron, and 
in the formation of steam for the purposes of manc^ture and 
transportation, we are already mainly dependent upon mineral 
coal. A nation which does not possess an abundant supply of this 
mineral, or which does not use it, cannot long maintain a high 
degree of national prosperity. 

In these inexhaustible masses of coal, accumulated ages before 
the existence of the human race, is a most obvious prospective 
arrangement for securing our happiness and improvement. And 
this arrangement embraces not only the accumulation of a com- 
■bustible material in such abundance, but also its juxtaposition with 
an equaUy inexhaustible accumulation of iron ore, and the limestone 
which is necessary as a flux in the reduction of the ore. So bulky 
and heavy materials as ooal and iron ote could neither of them 
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hare been tranBported to any oonaiderabtQ diatanoe fbt the mann- 

&cture of iron ; and witJiout the manufacture of iron oq a large 
scale, the present operations in manufactures and traDHportation 
oould never have been entered upon. A large proportion of the 
iiou famaces in this country, and nearly all of them in Great 
Britain, employ mineral coal for liiel, and obt^ their ore from 
the beds oontaJned in the coal measures. 

The fisals of the coal measures are almost entirely of vegetable 
origin, and are very abundant. They are seldom £nuid in the 
coal-bH" **"* ■" **"* "''**" "^ 
shale 
bebv 



The Stigmaria (Fig. 19] is fbund most abundantly, and in a 
large proportion of caaes to the exclusion of eveiy other form, in 
the lower shalee. It oonsiated of a large dome-ehaped mosB, often 
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th[ee cr fW feet in diameter, irith truling branohes, or roots, 
Bpreading off horizoDtally to a distance of tweoty ieet. In a 
few iostaDces tree ferus have been ibund, petrified in a horizontal 
poeitioD, and being apparently a mere oontinnatbn of the stigmaria. 
Hence the stigmaria has been Euppoeed to be t^e base of the tall 
tree ferns, the leavea of which Bo aboond in the upper shales. If 
this is not the cose, there are no tonus of the existing flora of tbe 
earth analogous to the stigmaria. It is alwaja found in connectMn 
with tJie coal-beds of the carboniferoufl formation, and never with 
the coal-beds which eometimee ooour in the later foimationa. 

The tree ferna (Fig. 20) attained a height of fifty or aity feet, 
tai a diameter of four feet They have received the name of 
SigiRaria in consoqnenoe of the seal-like impressions (Pig. 21) 

P!g. SO. 



with which the surface is covered, and which are the scars left 
where the fronds have &llen oC These fronds (fern leaves) are 
tlie most abftidant fossil of the series. They are distinguished by 
some pecniiarity in form, as the Sphenopteris [wedge-shaped fern 
leaf), Fachypteris (thick fern leaf), &c. (Fi^. 22 and 23.) 




l^ere was luiother kind 
of SigiUaria (Fig. 24), in 
which the suriace waa Anted, 
aod tiie markings are snper- 
fidal, and occur on tha 
ridges. It reached as great 
a size as tbe tree feme, but 
to what general class of 
plants it belonged is still 
donbtRi]. 

Hie Lejnd^)dendron (scale-oOTered tree) (Fig. 25) is the £ml 
which Dio»t nearly resembled in general appearance our present 
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fytee^ trees. SpeoimoiB are found four feet in diameter and 
serentj feet in hei^t. In botanical chaxacters it resembled, in 
scHne respeots, tlie tndling dob-moeses, while in others it was yery 
similar to the Norfolk Island pine. 

The Calamite (Fig. 26) was a plant resembling, in its jointed 

Fig. 26. 




and striated sai^u^, the eqoisetmn (rash), but was Bometimes 
twelve inches in diameter. 

The carboniferous formation exists more or less abundantlj in 
all the great divisions of the earth. It occurs in nearly all of the 
countries of Europe. The largest deposits known are, howeyer, in 
the United States ; especially in the States of Pennsylvania and 
Virginia, and in Ohio. 

4. The New Red Sandstone. — The lower divioon of this form- 
ation, called the Permian system, consists of a thick mass of sand- 
stones, generally of a red color, with occasional alternations of 
argillaceous rock, succeeded by a series of magnesian limestones. 
The upper division, or Triassic system, is composed of a red con- 
glomerate, a limestone which has received the name of Muschel- 
kalk (dielly limestone), and a series of variegated marls and sand- 
stones. 

The ores of copper are found, to considerable extent, in this 
formation. The rich copper mines of (Germany are in the mag- 
nesian limestone, or, as it is there called, Zechstein (minestone). 
The Lake Superior copper mines occur in a red sandstone forma- 
tion, which will probably be found to belong to this system. 

The salt-beds, salt springs, and beds of gypsum, are so gen- 
erally found in this rock in England, that it has been called by 
the EngH^ geologists the " saliferous system.** It is, however, 
fbund that in other ooontries these minerals oeeor in equal abun- 
dance in formations of an earlier and later dat«. 
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The fmnlB of Hob Byatem kts not abondsjit. In the Permian 
portion, impreauons offisIieB are finmd.almja with the peooli&iitj 
that ibe tail is heterocereai (Pig. 27) ; that is, with the epine con- 




turned into the upper lobe. The same peculiarity prenuls in the 
sarbouiferous and all the earlier formations. Fishes with the tail 
homocercal begin to appear in the ^TriBSsio portion of this sjmtem, 
and are found in all the subsequent formations. The remaina of 
BanriauB also occur in this formation. 

The red sandstones seem to have been better adapted to retain 

the forms which were impressed upon them than to preserve the 

or^nic remains which were deposited in them. Hence, while 

Fig. w. 



they oontun bnt few fosuls, the strata are often covered with 
ripple marks, with sun cracks, occasioned by contraction while dry- 
ing, or with depressions produced by rain-drops, and the pits are 
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sometimes so perfect as to ehow the direction of the wind when 
the drops fell. (Fig. 28.) The tracks of animals are also well 
presenred. Some of them were produced by reptiles (Fig. 29, 
c), and some probably by marsupial animals, but most of them 
by birds (a, b). President Hitchcock has distinguished the tracks 

Bg. 29. 
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of more than thirty species in the sandstones of the Connecticut 
valley. Birds, reptiles and marsupial animals, seem to have been 
first introduced during this period. 

The new red sandstone is well develcqied in all its members on 
the continent of Europe. In England, all the members are pres- 
ent, except the Muschelkalk. The Triassic portion of it occurs in 
North America. It is found in detached portions, probably as 
parts of a continuous formation, in Nova Scotia, the eastern part 
of Maine, the Connecticut valley, and from New Jersey southward 
through Pennsylvania, Maryland, &c., to South Carolina. 

V. The Oolitic System. — The lower portion of this system is 
the Li€is, and consists of a series of fissile, argillaceous limestone, 
marl, and clays. The Oolite forms the intermediate member of the 
system, and consists of alten^ations of day, arenaceous rock and 
limestone. Some of the limestones have an oolitic structure, and 
the whole system takes its name irom this circumstance, though 
this structure is not found in all parts of it, and is often found in 
other formations. The central part of the oolite, the coral rag, is 
principally a mass of corals and comminuted shells. The WealdcTif 
the highest member of the oolitic system, is an estuary deposit, 
consisting of calcareous beds, followed by sandstone, and termi 
nated by the Wealden clay. 

This system is throughout highly calcareous, and furnishes, 
wherever it is developed, valuable materials for architectural and 
ornamental purposes. 

This system is distinguished for the great amount and variety 
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of iti or^mia remains. Tho vegetable productiont were inter- 
medute between thoee of the coel period and thoK of the present 
time. The upper oolite, in tlie 
Bootli of England, oont^ns th« 
Btnmf» of trees and oUter {^anta, 
rooted in a black carbooaceons 
lajer, evidently the ami from whidi 
they grew. These atampe and pros- 
trate trunks are the renuuus of 
ooniferouB trees of large growth. 
(Kg. 30.) 

Kg. 30. 





Corals occur in great abundance; 
also encrinitcs (F^. 31), molluaks (Fig. 
82), and cepWbpoda. 

Bat this system is spedally chaiao- 



terized by tlie remuns of aaaiian 

^ reptiles. The IcAth^aurus (Kg. 

83, a) was a marine animal, having the general form of a fish, 

while :tB head, and especially its teeth, resctn''lc fhn=e of fh;- ■:rec- 
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ocffite. It was an air-breotihiiig aaimal like the oeiaoea, and was 
ftimished with siniikr paddles. It was oaniivoroas, and was 
imdoubtedl J the largest and most fbrmidable animal existing in 
the e^lier part of the ooHtie period. Its length ooold not haye 
been less tiban thirty or fcnrt j feet 

The Plesio9(mrus (Fig. 83, b) was also a marine ammal, and in 
many respects similar to the Ichthyosanms ; bat its genoral fimn 

Fig. 33. 





was more slender, its head was small, and its neck was of great 
length, the oervical vertebrse exceeding in number those of the 
swan. 

The Pterodactyle (%. 34) was ^ ^ 

a small saurian, of the size, proba- 
bly, of our largest eagle. The 
finger-bones, which in tlie other 
sauriaus form tlie paddles, are in 
the Pterodactyle very much length- 
ened, so as to suf^rt a membran- 
ous expansion, like that of the bat. 
These wings were of sufficient size to enable it to sustain itself 
in the air, and to make a rapid and easy flight. 

The Iguojiodon is a Wealden fossil, remarkable for its great 
magnitude. It is estimated that its length was seventy feet. It 
was a lizard, adapted for motion on land, and was herbivorous. 

This fi)rmation is well developed in England, and, with tJie 
exception of the Wealden, on the continent of Europe. It has been 
supposed that no part of the ocUitio series was to be found in this 
country; but there is a highly arenaceous rock occupying the 
valley of tlie James river, in the vicinity of Richmond, Virginia, 
of considerable extent, and a thousand feet in thickness, containing 
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a bed of ooal of forty feet in thickness, which, firom its feesils, mnst 
be referred to the oolitic series. 

6. Tht Cretaceous Formation. — The lower part of this fomuiF- 
tion consists of grecTuand, interstratified with beds of day. The 
intermediate portion is a mixture of argillaceoas green-sand and 
impure chalk. The upper part is composed of chalk, which is a 
friable, nearly pure carbonate of lime. The strata of chalk are 
separated, at intervals of from three to six feet, by layers of flint, 
dther in the form of nodules or of continuous strata. 

These characters, by which the cretaceous system is known in 
England, are but partially recognized elsewhere. Thus, in the 
Alps, the " Neocomian System," consisting of crystalline limestones, 
is the equivalent of the Englbh greensand ; while the greensand 
of this country is the equivalent of the white chalk of England. 

The fymh of the cretaceous fermation are very different from 
those of the oolite, and are such as to show that it was depodted 
in deep seas. Microscopic shells are often so abundant as to con- 
stitute a large proportion of the mass. Zoophytes are very 

Bg. 36. 







numerous, such as sponges, corals, star-fishes (f^g. 35, d e), and 
a few crinoidea (h). Mollusks were also abundant, and cephalo- 
a Fig. 36. poda, consisting of cham- 

ber-shells and belemnites 
(Fig. 86). The belemnite 
probably resembled the ex- 
isting cuttle-fish; but the 
remains consist, in most 
cases, of a partially hollow calcareous substance (5), which was con- 
tained within the animal, and formed its skeleton. 
The chalk and greensand are largely developed in England ; 
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and the same fonnation, with different lithological characters, is 
fi)und in great force flanking the principal mountain ranges of 
southern Europe, and extending into Asia. In this country the 
system commences with the greensand and friable limestones of 
New Jersey, and following the Alleghany range to its southern 
termination, it bends around into a north-western direction, and is 
continued into Missouri. 

7. The Tertiary System. — The tertiary strata embrace the 
formations from the cretaceous to the human era. They consist 
of clay, sand, sandstone, marl and limestone, and are distinguished 
from the lower rocks by being less consolidated ; though the lime- 
stones are in some instances solidified, and resemble the strata of 
earlier origin. The tertiary strata are generally of less thickness 
than the older formations, and less continuous, being local deposits 
formed in l^kes and estuaries. In a few instances they have 
been thrown into inclined positions, though in most cases they 
haye been but slightly disturbed, and raised but a few hundred 
^t above the present level of the sea. 

The late tertiary strata seldom overlap the older, so as to indi- 
cate their relative ages by superposition. They have thereiS>re been 
separated into groups according to the proportions of living and 
extinct species of shells which they are found to contain. The 
oldest tertiary or EoccTte formation* contains only four per cent, 
of living species, the Miocene contains seventeen per cent., the 
Pleiocene forty per cent., and the Pleistocene ninety per cent. 

During the pleistocene period, peculiar conditions existed, by 
which a great amount of loose material, known by the name of 
drift, was spread over the northern portions of both hemispheres. 
In America it is found from Nova Scotia nearly to the Eocky 
Mountains, and extending as &r south as Pennsylvania and the 
Ohio river. In Europe, it is found from the Atlantic to the Ural 

* Eosy dawn, and kainos, reoent. The formation which oommenoed at the 
daton of the recent period^ containing but a small number of living speeieSi 
Miocene (meion, less), less recent than the Pleiocene (p/eton, more). 
Fleistooene (pUUtot, most), most recent. 

5* 
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Hountaios, and reaching Bonih into Germany and Pdand. It is 
also found in the colder portions of South America, and in the 
vicinity of several mountains, as the Alps. 

It consists of irregular accumulations of earthy substances 
of different degrees of fineness, but characterized by containing 
masses of rock of considerable size, often of many tons weight, 
called boulders. Bocks having the same litholo^cal characters 
exist in situ north of where the boulders Tmd other drift are now 
found, though at a distance often of one or two hundred mOes. 
There can be no doubt but that the drift has been transported from 
these northern localities; and the polished, striated and grooved 
condition of the rocky surface, wherever the drift is distributed, 
has obviously been produced by the passage of the drift materials 
over it. 

Towards the dose of this period, while the land was a few hun- 
dred feet below its present level, there were deposited in the val- 
leys of the drift region beds of blue and gray clay, materials 
which are used in making bricks and coarse pottery ; also beds of 
sand, sometimes evenly spread out, but often thrown into irregular 
mounds and ridges. 

In r^ons which are not covered with drift, — as the south of 
Europe and the United States, — the pleistocene depoats are 
succeeded, without apparent change of conditions, by those which 
are now taking place. 

The formations of the tertiary period are distinguished ftom 
those of the cretaceous period by the absence of deep-sea fossils, 
and jfrom the oolite by the absence of its characteristic saurians. 
The moUusks are also very different, such genera as the cere- 
thium (Fig. 87), murex (Fig. 38), and conus (Fig. 39), which 
abound in the present seas, first appearing in the tertiary period. 
The nummulite (Fig. 40), a peculiar fi>rm of chambered shell, is 
so abundant as to constitute in some places almost the entire rock. 

The period is however characterized by the existence of a large 
number of pachydermatous animals, of which the tapir, hog, horse 
and elephant, are examples of living species. 
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He PaUtakerhatt (Fig. 41) resemUed, in moet respeetBi the 
tapir. It VTBB Aunubed witb a short proboeois, and the fiwt ww 



dirided into three toes. The leng^ of the largest speoiea ns 
abont that of the horse ; bat its body was larger, and it was of less 
koj^t. 

Rg. ". 

Kg. «. 




The Anoplotherium (E^. 42) waa a more slender snima], and 
resembled in size and general form the gaEcUe, 

The Megaihermm, an animal of the late tertlaiy epoch, was 
lai^er thaa the ezisliDg spedea of elephant, and in its general 
Btroctnra and haUts resembled die sloth. 

The Mastodon (Fig. 43) lirad during the latest portiion of the 
tertiary opooh. Xte remains are found most abtmdantlj where thd 
ammal seems to hare perished by mnking into the aofl marahy 
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ground Dear the brackish Bpringa of New York and Eeutuokj. 
But they are found also in Europe and Aaa. It was larger 



than any exlBting land animal, and was nearly allied in stmo- 
tare and habits to the elephant. 

The Mammoth was a species of elephant, now extinct, of which 
remains are found with those of the. mastodon, but in the greatest 
abundance in Europe and A»a. A large number of skeletons, 
many of them imperfect, hare been discovered in the low grounds 
in the south-east of England. It was this animal which was 
found encased in ice and sand in Siberia, in 1804. 

Contemporaneously with the existence of these huge nnimalB, a 
near approach was made to the present fauna of the earth, by the 
introduction of ruminant animals resembling the os and deer, and 
especially by the existence of the class of animals which in ana- 
tomical characters stands next to man, the apes and monkeys. 

The tertiary system, though not generally so continuous over 
extended areas as the older formations, yet constitutes the surfiioo 
of a very large part of Europe. (See Fig. 59.) In the United 
States the earlier portion is fbund along the seaboard, from New . 
Jersey to LouiMaoa, and extending book towards the mountiuns to 
a (Stance varying from t«n to one hundrad miles. The later 
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defpoAia are found in detached portions throughout the Eastern and 
Middle States. It covers a large sor&oe in South America, and 
IS found in India. 

8. The Becent Formation, — It is intended to embrace in this 
term strata which have been formed since the creation of man. 
It is, howeyer, impossible to separate them by any well-defined 
characters from those of the tertiary period. The recent formation 
consists of land which is forming by the filling up of lakes, and by 
the increase of deltas ftom the accumulated sediment which rivers 
have &mished. 

There is, however, -no doubt but that formations on a large 
scale have continued in progress over extensive areas of the bed 
of the sea ; and they have been no less rapid, we may presume, 
than they were in earlier periods. But, though they are preserv- 
ing the records of the present era, they will probably remain in a 
great measure inaocessiMe for many ages. 

These deposits, so &r as they are accessible, are found to con- 
tain the remains of plants and animals (including man) now living 
in the vicinity where the depoedts are forming. 



SECTION ^VI.' — FOSSILS, 



Any organic substance imbedded in a geological formation, or 
any product of organic life, as a coprolite or a coin, or any mark- 
ing wluch an organic substance has given to a rock, is r^arded as 
a fossil. The study of fossils, as a branch of practical geology, 
requires an acquaintance with the principles and the minute 
details of botaoiy and zoology. Without this knowledge, however, 
many of the general conclusions to which the study of fossils has 
led may be understood. 

1. Fossils are preserved in different toays, — Wh^i any 
organic substance is imbedded in a forming rock, it may itself 
remain ; or it may be removed by the infiltration of water, or othor 
causes, so gradually as to leave its form, and even its most delioa^ 
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markings, in the rock ; or some mineral subfitance may have been 
Bubstituted, and fill the space which the organic substance once 
occupied ; that is, it may be an organic substance preserved, it 
may be an impression of it, or it may be a cast of it. 

2. The process by which the substitution in this last case is 
effected is called mineralization. The mineralizing ingredient is 
generally derived from the contiguous rock. In siliceous rocks it 
is silex. In calcareous rocks it is carbonate of lime. When iron 
is diffused through a rock, it often becomes the mineralizer. The 
substituted mineral is generally a very perfect representation of the 
original fossil. We cannot therefore suppose that the original 
substance was entirely removjed before any of the mineral matter 
was deposited. The substitution must have taken place particle by 
particle, as the organic matter was removed. Fossils are, in fact, 
often found, in which the mineralization has been arrested after it 
had commenced, so that the fossil is in part an organic and in part 
a mineral substance. It has been proved, by direct experiment, 
that these changes of removal and substitution are simultaneous. 
Pieces of wood were placed in a solution of sulphate of iron. 
After a few days, the wood was found to be partially mineralized, 
and after the remaining ligneous matter had been removed by 
exposing it to a red heat, " oxide of iron was found to have taken 
the form of the wood so exactly, that even the dotted vessels, 
peculiar to the species employed, were distinctly visible under the 
microscope." 

3. As the fossiliferous strata are generally of marine origin, it is 
to be presumed that only a small proportion of terrestrial animals 
are preserved ; and our knowledge of the organic remains which 
are preserved is yet so imperfect, that discoveries are constantly 
making, as examinations are extended. Still, enough is known to 
enable us to draw some satisfactory conclusions as to ^Ae order in 
fffhick living beings were created upon the earth. 

Though most of the earlier organic forms which have been pre- 
served are of animal origin, yet vegetable remains occasionally 
occur in connection with them, and we must suppose vegetables to 
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have been produced abondantly. For all animal food consiBts of 
vegetable substances, or of animal substances which have once 
existed in the vegetable form. No animal is capable of effecting 
those combinations of inorganic matter upon which ite growth and 
sustenance depend. We may therefore conclude that the intrth 
ductUm of animals and vegetables toas contemporaneous. 

The greatest development of vegetable life was, however, during 
the carboniferous period, l^e design of this abundant grovrth was 
prospective. It was not produced for the support of animal life, 
but for fuel, and stored till man should be introduced, and so &r 
advanced in civilization as to make this supply of carbonaceous 
matter subservient to his wants and happiness. 

In the earlier periods, the lower forms of animal life were, 
beyond all comparison, the most abundant ; yet the four great 
divisions of the animal kingdom, Badiated, Articulated, Mollus- 
cous, and Yertebrated animals, were all represented. There is, 
however, no evidence that any vertebrated animals, except fishes, 
were created till after the carboniforous period. In the next 
formation, the new red sandstone, we find the tracks of reptiles 
and birds, and probably of marsupial animals. The first evidence 
of the existence of mammalia in great numbers is in the tertiary 
period, when the pachydermata and edentata were so much more 
abundant than they have ever been since, and when the bimaoa 
first appear. 

But there is no evidence &om geology that man existed till 
after the close of the tertiary period. The grounds upon which 
contrary statements have sometimes been made are untenable. In 
Ohio a very perfect impresedon of a human foot was found on a 
slab of limestone of the Silurian age. But it was subsequently 
ascertained to have been common for the aborigines, in the vicinity 
of their encampments, to cut in the rocks, with surpiidng accu- 
racy, the forms of the tracks of man and other animals. 

There is a human skeleton in the British Museum imbedded in 
solid limestone, and another in Paris, both taken from Guadaloupe. 
It was at one time supposed, from the degree of solidification of 
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the limestone, that it must have been formed at an early geological 
period ; but it is found that the beach-sand of that island now 
solidifies rapidly, from the carbonate of lime which the waters there 
hold in solution. It is rendered probable that the skeletons found 
there have not been buried more than a century and a half. 

4. As many parts of the bed of the present seas, which are 
probably receiving detrital matter constantly, are unfavorable for 
the development of animal life, while other parts are highly 
favorable, it might be presumed that animal life would be equaUy 
scanty in particular localities while the earlier rocks were form- 
ing, and in other localities very abundant. Hence some strata, for 
hundreds of feet in thickness, are composed almost entirely of fos- 
sils, while other strata are nearly or quite destitute of them. The 
same member of a formation may in one place be full of fosals, 
and in another without them. The distribution of fossils is 
therefore subject to no general law ; at least, none of which we can 
avail ourselves, in the search for them. 

5. The value of fbssils in geology consists in the use which is 
made of them in determining the origin and age ofstrcAa, 

As the animal species which inhaMt bodies of fresh water are 
always different from those found in the sea, their remains consti- 
tute the best means of determining whether a formation is of fresh 
water or marine origin. In order to decide this point, it may, in 
some cases, be necessary to be acquainted with the habits of par- 
ticular species. In most cases, however, it will be sufficient to 
remember that in fresh-water formations, first, there are no 
Fiir. 44. sponges, corals, or chambered shells ; second, 

the univalves all have entire mouths (Fig. 
44). Third, the bivalves are all bimuscular 
(Fig. 47). If, therefore, a formation is found 
to contain sponge, coral, a chambered shell, 
a univalve with a deeply notched mouth (Fig. 
45), or a unimuscnlar bivalve (Fig. 46), it 
must be considered a marine formation. 

We have seen that the same formation, as 
exhibited in different places, differs in its 
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tiUdcDees, ocNnpontbn and degree of BoBdifieatioD. If we oould 
tnoe the strata throng all the intermediate space, we mi^t be 



ng. 45. 



Fig. 46. 



ng. 47. 




certain of their being the same fonnation, notwithstanding the 
change in lithok^ical chaiacters. Bat this can seldom be done, 
even &r a few miles in extent. Sections of the strata are obtained 
only oocasionally, where rivers have cat through them, or where, 
o?er limited areas, the soil has been removed from the outcropping 
edges. It is also freqoently the case that the strata are so mooh 
disturbed that thdr position will i^imish no aid in determining their 
age. When folded axes occur (as here represented), the older strata 

are often the up- 
permost. There 
is an instance in 
the Alps in which 
strata of vast 
thickness have 
been inverted da- 
ring the process 
of upheaval, and 
now rest on a 
bed of rock fermed firom the debris whidi they had suited. 

6 
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And yet it is important to determine what formations are of the 
same age, notwithstanding their displacements, difference in litho- 
logical characters, and separation by great distances and by moon- 
taihs or oceans. This determination can be made only by a com- 
parison of the imbedded fossils. It is found that every formation, 
and every important member of a formation, contains an assem- 
blage of fossils peculiar to itself. When very widely separated, 
the species of fossils may not be identical, but so very similar that 
they are regarded as equivalent species. The identification of 
farmatioTis consists in the identification of fossils. It is for this 
purpose mainly that fossils are regarded as of so great importance. 

6. If each formation is characterized by the presence of new 
species, it follows that the work of creation was a progressive one^ 
continued through long periods of time. The latest creation of which 
we have any geological evidence is that of man. And if the lead- 
ing design of the existence of this earth was as a theatre for the 
development of moral character, it is to be presumed that the work 
of creation ceased when a species possessing moral capacities had 
been introduoed. 

It follows also, &om what has been said, that there has been a 
constant disappearance, a death, of species. It would seem that 
v^ each species has a life assigned to it, which is to be completed and 
surrendered. Though its continuance is many times longer than 
the life of any individual of the species, yet it is the course of 
nature that species should disappear. 

There may be something in the constitution of each species by 
which its continuance is limited, making an old age and death 
necessary, as it is in individuals. But there are other causes by which 
the duration of species may o^n be terminated. The subsidence 
of New Holland would cause the destruction of a large number of 
species. The preservation of the human species was at one time 
effected only by a special and miraculous interference. Slowly oper- 
ating causes are now at work, by which many species, such as the 
elephant, wolf and tiger, will at length become extinct. Their 
existence in a natural state cannot long be continued in a ci'vliyed 
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oouutry. THe forest, th^ natural abode, disappears, and some 
are intentionally destroyed, because they render life and property 
unsafe. Under the operation of these causes, the Irish elk (cervus 
giganteus) has become extinct, probably within the human era. 
The Dodo, a gallinaceous bird, found living when maritime com- 
munication between Europe and the East Indies was first estab- 
lished, is now extinct. The Apteryx, a bird belonging to New 
Zealand, has probably become extinct since the commencement of 
the present century. 



SECTION yn. THE TIME NECES&ABY POR THE FORMATION OF THE 

STRATIFIED BOCKS. 

There are no means of which the geologist can avail himself to 
determine the antiquity of the earth, or the amount of time since 
the sedimentaiy deposits commenced. But a high degree of 
antiquity may yet be shown. 

The materials for all the stratified rocks have been obtained 
by the destruction of previously solidified igneous rocks. This 
destruction may have been accomplished in part by the operation 
of volcanic fi)rces, but much of it is the result of slow disintegra- 
tion, and of the eroding power of running water ; and we can 
scarcely conceive of a period sufficiently protracted for such 
results. 

This conclusion of the high antiquity of the earth is confirmed 
by observing that the stratified rocks consist of layers often not 
thicker than sheets of paper, and probably not averaging the tenth 
of an inch ; and yet each layer is separate from the rest, in conse- 
quence of some change in the conditions under which it was depos- 
ited. Each layer was probably produced by the depoation of all 
the sediment furnished at one time, and hence only as many layers 
would be formed in a year as the number of fireshets in the rivers 
which ^nished the materials. If we consider the fossiliferous and 
metainorphic rocks to be each forty thousand feet in thickness, ^ 
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which is not too large an estimate, — we mosfcieokoa the jeaisby 
hundreds of thouaanda to make the time soffioently extended fyt 
the result. 

All the formations of any considerable extent now above the 
sar&ce of the sea existed before the creation of man, for none 
of them contain any eyidenoe of the existence of human beings; 
and if ihey had existed while these strata were forming, sufficncnt 
evidence would have been left of the &ct, either in the form of 
fossilized human bones, or of works of human art. Hence, what- 
ever be the estimate which we form of the antiquity of the earth, 
from the slowness of denudation, or from the thickness of the 
strata, we must now add to that estimate the period elapsed since 
the creation of the human species. 

We have seen that at different periods of the earth's history dif- 
ferent epodeB of animals inhabited it. We are unable to fix with 
accuracy the ordinary duration of species. But the species which 
are now extinct probably had an existence as long-contioned as 
will be enjoyed by species now living. Many recent spedes are 
known to have existed at least nearly six thousand years, without, 
in most cases, any indications of their soon becoming extinct 
Whatever period be assigned as the ordinary duration of species, 
that period has been several times repeated ; for the earth has been 
several times re-peopled, and every time by species which had not 
before existed. 

Moreover, the amount of organic matter in the strata must 
have required long periods of time for its accumulation. The 
vegetable deposits, now converted into coal, are generally several 
feet thick, and often over a hundred feet, and are known to extend 
over several thousand square miles, both in this country and in 
Europe. Many of the sedimentary rocks consist almost entirely 
of animal remains. The mountain limestone, for instance, is ^ht 
hundred feet or more in thickness, and in some places consists of 
the exuvias of encrinites and testaoea. 

In other cases the length of time required is shown, not fiom 
the amount of orgzmic remains, but from the evidence that they were 
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deposited very slowly. The polishing stone called tripoli is found 
in beds of ten or twelve feet in thickness, and is composed entirely 
of the siliceous shells of animalcules, so minute that, according to 
ihe estimate of Ehrenberg, the number in a cubic inch is forty-one 
billions/ Several other rocks, such as semi-opal and flint, are some- 
times fi)und to have a similar constitution. The time necessary 
for the accumulation of beds several feet thick by the shells of 
animalcules so minute must have been very great. 

Each of these facts carries us back to a period immeasurably 
anterior to the creation of man, as the epoch when the sedimentary 
deposits conmicnced. There are no facts in geology which point 
to a different conclusion. It is of the utmost importance to the 
geological student to familiarize himself with this principle. It will 
assist him in comprehending the greatness of geological changes, 
and in applying other principles in explanation of geological 
phenomena. 

This principle, so obvious to any one who allows himself to 
reason &om the &cts which geology presents, has sometimes been 
regarded as at variance with the Mosaic account of the creation. 
And if this account really assigns an antiquity to the earth of not 
more than six thousand years, the difficulty exists. 

The statements made by Moses are found, apon examination, to 
be of the most general character. They assert, in the first place, sim- 
ply that " In the beginning God created the heaven and the earth." 
The time which elapsed after this first act, and previously to the 
acts of creation subsequently recorded, is not limited by the sacred 
narrative. It may have been during this indefinite lapse of time 
that God gave existence and enjoyment to a large number of ani- 
mal species on the surface of the earth, and at the same time 
effected most of those physical changes in the crust of it which 
have rendered it a fit abode for intellectual and moral beings. 

But if the word day, in the first chapter of. Genesis, be consid- 
ered to mean a prolonged period (and philologists regard such an 
interpretation as admissible), then that chapter is a record of the 
most important events in the history of the earth up to and include 

6* 
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ing the introdactioii of man. And the aoooont, thus understood) 
ooinoides with the results of geok^ical examinations. 

Instead, ihen,of disorepancy between the works and the word of 
God| we have this remarkable &ct, that a history of the earth, 
written long befinre the soienoe of geology was known, is not oon- 
tradioted, bat ccmfirmed, by the progress of sdenoe thus &r. 



CHAPTER III. 

OF THE CHANGES TO WHICH THE CBUST OF THE EABTH 

HAS BEEN SUBJECTED. 

SaCnON I. — CHANGSS WHICH HAYB TAKEN PLACE AT GREAT DEPTHS 

BELOW THE 8USVACE. 

The lowest clumge of which we can gain any in&rmation 
is the formation of granite. It will be shown hereafter that 
it has been in a melted state, and that it has taken its present 
ferm on cooling. But whether any considerable portions of the 
granitic masses, or of the melted masses now below the sar&oe, 
have resnlted fiom the fusi(A of stratified rocks, we have not 
the means of determining. It is, however, not improbable, that 
in the changes of level to which the crust of the earth has 
been subjected, the stratified rocks may have gone down so fiir 
as to become melted. At the same time, the melted rock whidi 
b thrown to the surface by volcanoes is subjected to the various 
destroying agencies by which it becomes sedimentary matter, to be 
deposited as mechanical strata. Thus, as the igneous rocks £rom 
below are brought up to fiumidi materials fin: mechanical strata, 
there must be an equal amount of depression of the mechanical 
strata towards the seats of igneous action. And if this change 
takes place more rapidly than the thickness of crust increases, 
then portions of the sedimentary rocks must be undergoing fiuioa. 

Next above the granite an immense thickness of rock occurs, 
which exhibits, &om its stratification and from the water-worn frag- 
ments which it contains, distinct evidence of its mechanical ori^ 
And yet' it is very different from the later mechanical fimni^ 
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tions. It is more highly crjstaUine ; it has, to a great extent, 
assumed a cleavage distinct from the planes of stratification, and 
chemical affinity has been so far active as to produce new oombinar 
tions, and give to them their peculiar crystalline ferm, as in the 
case of garnets, iron pyrites, &c. These strata also differ from 
those above them in containing no organic remains. It is not 
certain that organic life existed on the earth at the time when 
these rooks were deposited. Either it did not, or the evidence of 
it in the strata of that period has been obliterated. The changes 
have at least been sufficient to justify their being characterized as 
metamorphic rocks. 



SECTION n. — CHANGES IN THB MASS OF THB STRATIFIED BOOKS. 

1. The stratified rocks were departed as mud or sand, and 
were at first in a yielding state. Most of these deposits have 
become solidified rock, such as limestone, clay slate and sand- 
stone. The chalk of England is, however, but imperfectly consol- 
idated, the great sandstone formation of New Holland is a friable 
mass easily disintegrated, and occasionally beds of day in a plastic 
state are found as far down as the coal. Among the later rocks 
the solidification is less general, though there is some d^ree of 
hardening in all except the most superficial layers. The Jissile 
structure results from the solidification of the particles composing 
each layer separately. 

2. Since the solidification of the strata, or perhaps in connection 
with it, there has been something of movement among the parti- 
cles, resulting in mineral veins, conchoidal structure, &c. *One 
of the most general changes of this kind is that by which a mass 
becomes separable into thin sheets, independent of the stratifica- 
tion, and not parallel with it. This structure is represented by 
Fig. 48, in which the heavier lines are those of stratification, and 
the lighter of cleavage, 

3. The strata have been everywhere more or less broken, and 
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tit6 fractures, nearly vertdcal, sxtend to great depths. When a 
fracture reaches the Bor&ce, it often becomes a channel for water. 



It is thus widened by the eio^n, the deepest parts become filled 
vith d(l)iis, and it beoomee a gorge, ravine or valley. 

If the fiaotore doee not oome to the enr&oe, it beoomos a 
eavem. In timeetone, oarema which are ibrmed in this way are 
ytxy frequent, and extend for many miles. There is generally a 
stream of water mmuDg through them, but not of sofficieDt Tolume 
to have pKxkiced the eroeion whioh haa been efiected. 

When the eudee of the ftaotore are bat little separated, some 

mineral oA«n separatee itself from the adjacent rock, and filling np 

the spooe, reiiuitce the broken parts. It la then called a vein of 

segregation (Big. 49, a b). Bnt the fracture is more frequently 

Sta.49. 



filled with some volcanie took injected from below. It ia tben a 
dike (c d), and may have a width of many rods, though it often 
diminishes in width till it is a mere thread. A dike of which thu 
injected material is a metallic ore is a mineral vein. 

4, The uplifting force by whioh the fracture is prodnoed has 
frequently raised the rock on one side higher than it has on the 
other. This b called ft /(iK^f, (Fig. 50.) The unequal move- 
ments by which the &ult is produced seem in some instances \a 
have been repeated sevetttl times, and (he grinding of the broken 
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5. Sedimentary mska are often fonnfl mtii the pl&nea of thor 

strata more or leee indiiud. It ia evidmit that they nere not 

thus fbrmed. Hie depomtione of Bedimest &om water will always 

be horixontal, or, at most, cmlj eligfatly imlined. But there ia 

„ „ often evidenoe in the rook itself that 

its atiata were once borisintal. It 

is fteqnently ofceerred that vo'tical 

Btnta contain pebbles witii their 

longer axes in the plane of the strata. 

{¥ig. 51.) When theee pebUee wwe 

depodted, the longer axee would take, 

(m an obriiniB meoluuiioal prindple, 

a horizontal poraldon. Their present Tertioal podtion mnsC have 

resalt«d from a ohange in die podtdon <^ the strata in whidi they 



are entjlosed. The same thing is shown by the poaiUon of a petri> 
fied forest in the south of En^and, known aa the Portland dirt- 
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bedL Some parte of it are indmed at an angle of fbrty^ftve 
degrees The position of the vegetable remains (Fig. 52) shoini 
that when they were growing the sur&oe was horizontal. 

The line b d (Fig. 53), on indined strata wbidi makes with the 
boriaon the greatort an^ is oalled the directum of the dip. The 
angle thus formed (aid) Is the angle of incUnation. When 
inclined strata oome to the sorfiiee, the exposed edge, ^ c, is the 
outcrop, and the line of outoiop on a horizontal sorfiiee is called 
the strike, ofthe strata. 

Hg. 53. 

6 




When the inclined position is produced by an uplift of the 
strata, along a given line, so that tiiey dip in opposite directions, 
thia line is called an anticHnal axis, as at Fig. 54. If, howerrar^ 

Bg. 54. 




the strata are fractured abng this line, as at b, the fracture 
becomes a valley cf elevation. 
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If depreanon take plsoe along & given line, as at e, the stnta 
vill dip towards thia line, and it will be a synclinal axU. The 
depre^on will be a wUey of tuiaideTiee. A sTiiclinal uis 
would obo be prodooed by an eleTBlioD of the strata, as at if and e, 
on eaob ude of it, and the valley thus prodnoed is one of efeeotion. 

When soooeaaiTe seta of strata, as / and d. Fig. 53, are not 
parallel, they are said to be unconformable. 

6. When the strata are subjected to displacement, they do not 

always take a merely inclined position, bat are often contorted 

(Fig. 55], or Mded together (E^g. 56). These folded axeM fie- 

Rg. G6. 



qoendy socoeecl each other for many milee. 
E3g. S6. 



I Vi^ 7 and 




82.) In the case represented by Fig. 56, if the highest portion 
has been remoTed, BO that the line a 6 represents the actual sur- 
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fiioe, we shall havB apparentiy a suoceBsion of deposits, of which 
those at b would be the newest, and the oldest would be &und at 
a, when in fact the strata at the extremities are parts of the same 
layer. 

It is probable that disturbances like those now mentioned have 
been taking place continuallj, in different places, from the earliest 
times. There have been no periods of universal disturbance, and 
none of universal repose. On the contrary, the periods of disturb- 
ance in one part of the world have been periods of repose in 
another. For example, the coal measures of Europe w^e much 
broken and disturbed before the deposition of the new red sand- 
stone, and the dose of the coal period was at one time supposed to 
have been a period of general convulsion. It is now ascertained 
that the principal coal-fields in this country were not much dis- 
turbed at that period, and have not been since. 



SECTION m. — CHANGES OF ELEVATION AND SUBSIDENCE. 

The continents, if we except the more ringed and broken 
portions, rise from the sea with an almost imperceptible ascent; 
and even the mountabs have a much gentler slope than we are 
apt to suppose, so that a section of the earth parallel to the equa- 
tor would be almost a perfect circle. The slope of a mountain, 
£rom its base to its highest point, rarely forms with the horizon an 
angle of as much as twelve degrees. In the following figure (57), 
A represents the peak of Chimborazo, B of Teneriffe, C of JEtna, 
and D of Mount Loa, the principal volcano of the Sandwich 
Ishmds. The highest mountains would be represented on a twelve- 
inch globe by an altitude of less than the one-hundredth of an 
inch above the level of tl^e sea. But the rising and sinking of 
these masses, though so small compared with the dimensions of the 
earth, are yet geological changes on the largest scale. 

1. The Elevation of Mountains. — • Mountains have formerly 

7 
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been oovered with the waters of tke oeean. TtoB is evidoit, in thft 
suae of some mountains, from the ezistenoo of stratified zodcs 

Fig. 67. 







reaching to the summits. The stratification oould have been pro- 
duced only by deposition from water. It is, moreover, evident 
from the existence of marine fossils, distributed through these 
strata, so abundantly, that they cannot be fUMX)unted for on any 
other hypothesis than that the animals lived and died where the 
remains of them are now found. These strata must therefore have 
formed the bed of the sea while the foeaila were accumulating. 

There is no direct evidence that the granitic mountain peaks 
were ever submerged. But there is reason for believing that 
the sedimentary strata which now occupy the lower slopes were, at 
the time of their deposition, continuous, — the igneous rock having 
subsequently broken through them, — so that the waters of the ocean 
once rested on the whole area whiek the mountain now occupies. 

If the ocean could ever have been above its present level suffi- 
ciently to have covered all the sedimentary rocks, we might 
assume that the height of monntuns has not been changed. But 
the level of the ocean cannot be subject to much variation* The 
total amount of water on the globe is always the same. If the 
continents and mountains were all submerged at once, \nd the 
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waters were expanded by the bluest temperature consistent with 
the liquid form, there would not be a change of level of more than 
two hundred and fifty feet. We may assume, then, that the ocean 
level has always been essentially the same that it now is. We 
must therefore conclude that the sedimentary rocks, and the moun« 
tains of which they form a part, have been elevated to their 
present position from the bed of the sea. 

Difierent mountain ranges have been elevated at different 
periods. The Silurian and carbonilerous JEc»rmations were depos- 
ited before the Alleghany Mountains, which they ooQtributed to 
form, were elevated ; whUe the new red sandstone and the creta- 
ceous and tertiary formations were deposited subsequently to the 
upheaval They are accordingly found at the base of the range, 
nearly hcHrissontal, and have risen above the level o£ the ocean only 
as the continent generaUy has risen. The Pyrenees were elevated 
after the deposition of the cretaceous rocks, and have carried them 
np so that they appear at a high angle, while the tertiary rocks 
at the base are horizontal, as in the United States. The Andes 
have carried up the tertiary rocks with them, and their elevation 
must therefore belong to a recent period. It appears that they 
are even yet rising. 

It has recently been shown that the Alps have been subjected 
to upheaval at several distinct periods. At the dose of the Silu- 
rian period they formed a cluster of islands. At the commence- 
ment of the tertiary period they became a mountain range, and 
at the close of that period they were thrown up some two thousand- 
foot higher, to their present position. Nearly the same things will 
probably be found true of other mountain ranges, when their struc- 
ture has been minutely studied. 

The elevation of contiguous parallel ridges will necessarily leave 
intervening valleys of elevation. As mountain ranges generally 
consist of several such ridges, valleys of this description are 
numerous, and they are often of great extent. 

It is obvious that there are mountains in the sea of as great 
height above the lowest valleys as the mountains of continents are 
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above the level of the sea. If a new continent should hereafter 
be fi)rmed by the elevation of a large area of the bed of the sea, 
the existing mountains, now appearing in the form of islands, 
would partake of the general movement, and the new continent 
would have the same general diversities of exxr&ee as existing con- 
tinents. The mountains would have existed long before the con- 
tinent. It is therefore to be supposed that the mountains of the 
present continents were elevated before the continents, and that 
they stood for long periods as islands, exposed to the action of 
waves, tides, and marine currents. 

2. The Elevation of Continents, — Continents have been elevated 
by so slow a movement that it has not generally been perceived, even 
when they have been peopled by nations advanced in civilization. 
And yet satis&ctory evidence is always left of former sea-levels. 

Almost every seaboard furnishes examples of beaches, evidently 
once washed by the sea, but now- elevated more or less above high 
water. 

At Lubec, near the northern extremity of the coast of Maine, 
barnacles* are found attached to the rocks eighteen feet above high 
water. The pilots at that place, and for a hundred miles north 
and south of it, speak of the ship-channels as diminislung in depth, 
though it is certain that they are not filling up. Such facts are 
to be explained only by supposing that the coast is rising. 

Lakes are numerous throughout the northern portions of North 
America, which are receiving annually large quantities of sedi- 
ment, and must ultimately become alluvial plains. Those of mod- 
erate depth, as Lake Erie, cannot require periods very protracted 
to fill them. Their continuance in such abundance indicates that 
the elevation of the continent to its present height is compara- 
tively recent. This conclusion is confirmed by evidence of another 
kind. Throughoift this region of lakes, beds of clay containing 
the remains of existing species of marine animals, are found at all 
elevations from the sea-coast, to the height of about four hundred 
feet, but not higher. These clay beds are very recent, and were 

* The barnacle ia a marine animal, pennanently fixed to the rookf , and oaa 
liye but a short time without being lurrounded by learwater. 
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deposited when the surface was tbnr hundred or five hundred feet 
lower than it now is ; and this amonnt of elevation has left the 
exiBting lakes scattered over the surface.* 

The following [Yi^. 58) exhibits Europe as it was daring the 
RgM. 



siluriaa epoch, and Fig. 59 as it waa at the commeacement of 
the tertiary epoch. The land, as it then esisted, is represented by 
the white surface, the present waters by the dark shading, and the 
land which has been reclaimed from the ocean by elevation mnce 
those periods by the lighter shading. 

* " It IB remarkable (hat on ths ihona of ths great lakes (hsni us eerUin 
^anU the proper station of which is the inunediaW neighboibood of tho a>iu>, 
u if thof bad conslJtaUd part of the tuij flora ot those regioiu wtiea (he 
laksa were filled vUb salt water, sad have anrriTed the ahanse that hu taken 
pUoe In the phjsieal annditlona of theli boU." — Torrt^'i Fhra ^ the State i^ 
Am Y«k. 
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Hie whole soathern pftrt of South America, embraciiig an w 
equal to that of Europe, has been elevated within % very reo 
period ; and Eome parte of it, if not all of it, are still riang. 1 



diells ibnud on the plains from Broiil to Term del Wiisgp, M>d on 
the Pacific const, at a h^ght of from one hundred to thirteen hun- 
dred feet, are identical with those now inhabiting the adjacent seas. 
And " besides the organic remains, there are, in very many parts, 
marks of erosion, caves, andent beaches, sand-dunes, and snecessive 
terraces of gravel," all which must have resulted from the action 
of the waves at a period not remote. At Lima, articles of boinan 
skill peculiar to the original inhabitants of Peru were found im- 
bedded in a mass of sea-shells eighty-three feet above the present 
Bea level The elevation on the Pacific coast has been in part by 
sodden uplifts of a few feet at a time ; but it is found, from time 
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to time, that ihere has been a change of level, amonntiDg to a foot 
or more in a year, when there have been none of these sadden 
movements. 

A considerable portion of Europe, reaching from North Cape in 
Norway to near the southern part of Sweden, more than a thou- 
sand miles, and from the Atlantic to St. Petersburg, more than 
mx hundred miles, has been rismg at the rate of about three feet 
in a century, for at least two centuries, and probably much longer. 
This change is proved by the occurrence, at considerable elevations 
above the sea, of shells now found in the Baltic ; by rocks once 
sunken, now raised above the sur&ce of the sea, and by ancient 
seaports having become inland towns. To determine the trutli by 
actual measurement, the Boyal Academy of Stockholm, about 
thirty-five years since, caused marks to be cut in the rocks along 
the coast, to indicate the ordinary level of the water. This is 
easily ascertained, as the Baltic is nearly a tideless sea. The pres- 
ent level of the sea, compared with that indicated by the marks 
before mentbned, leaves no doubt that the country is rising. 

8. The Subsidence of Land. — Elevations can be shown to 
have taken place by fossils, and by other evidences of former sea 
levels which are left on the sur&ce ; but depressions leave but few 
indicadons of change of level. It is yet doubtful whether the 
depression is equal to the elevation; that is, whether the amount 
of land remains nearly constant, or whether there has been an 
augmentation of ih» dry land within the tertiary and recent peri- 
ods. We are certain that the augmentation, if any, has not been 
equal to tiie elevation, for subffldences to a great amount are known 
to have taken place. 

There are occasional instances of submerged forests seen at low 
tide, at some distance from the shoi«. There are several near the 
coast of England and Scotland, and near the coast of Massachu- 
setts. They are but a few feet below low water, and do not indi- 
cate a sobddence of more than about twenty feet. 

Namerous instances are on record of the sinking down of 
wharfi and buildings near the sea during earthquakes. Almost 
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every violent earthquake is accompanied by a change of level. The 
changes of this kind which have been noticed are in seaport towns, 
because greater facilities are there afforded fi)r detecting them, and 
because loss of property awakens attention to them ; but there is 

every reason to sup- 
pose that these changes 
of level extend to great 
distances both into the 
country and into the 
sea. 

An immense area 
in the Indian and Pa- 
cific Oceans, probably 
ten millions of square 
miles, k undergoing 
change of level. The 
Hues A B and D G 
(Fig. 60) represent 
nearly the axes of de- 
pression ; while an in* 
termediate and two 
exterior parallel lines 
would represent axes 
of elevation. The ev- 
idaaoe of these changes 
is found principally in 
ihe peculiarities of the 
wall of coral rock en- 
circling the islands. 

The following fig- 
ures represent, in sec- 
tions, modifications of 
form of the same isl- 
and. The coral wall 
boilt up aioond the island by the polyps, fixnn the depth of fifty. 
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or ai most of a hundred ^t, is shown at e c (Fig. 61). If tbe 

Fig. 61. 




island is elevated, this wall becomes a fringmg reef (Eg. 62), V 
becoming the level of the sea, and the animal begins a new wall 

Fig. 62. 




Fig. 68. 



at the same depth as befi)re. But if the island is gradoally sink- 
ing, the wall is kept built up to the sur&ce, and becomes a barrier 
reef (Fig. 63). A channel is thus left between the island and the 
reef, which, though 
gradually filling up 

with broken coral or £— --- /Z^ „ ^ ^ - m, ._...j_ if r 

other sediment, is gen- 
erall J deep enough for 
a ship-channel. If 
the island continue to 
subside till it disap- 
pears, and the coral wall is still kept at the sur&ce, it then becomes 
an atoUf a circular coral island (Fig. 64), often of many leagues 
in diameter, beaten by the surf on the outer edge, but enclosing a 
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qniet lake, which commoiuoatee only by occanonal ohannela with 
tbe ooean. 



The islands contigaona to the lines A B and J> (Fig. 60) are 
niiifbnnly atolls, or are snrroiinded bj barrier ree&, and are there- 
fine subsidiDg; while the islands at a distance from these Hoes 
aie sononitded by fringing ree&, which indicate that they are 

A well-aathentic&ted instance of gradual subsidence is that of 
Greenland. The entire western coast, from its southern extremity 
to Disco Island, a distence of six hundred miles, has for the last 
two centuries been slowly subsiding. The dwelling-hooseB and 
places of worship built by the early European settlers are now in 
port or entirely submerged. The natives are said to be aware of 
the sabsidenoe, and never boild their huts near the sea. 

4. We have thns seen that both elevation and depreswon may 
take pUoe. l^ere is reason to believe that these changes of level 
have, in some cases, been several times repeated. In one of the 
eastern ranges of the Andes, opposite to Chili, there is a mass of 
marine strata of five thousand feet in thickness. About the mid- 
dle of the series there occurs a dlicified forest. In one place a 
dump of coniferona trees was found of more than filly in number, 
and a foot or more in diameter. The base of the strata must have 
been twenty-five hundred feet below the surface of the sea, in 
Older to admit of the depodtjon of the fiist half of it. It was 
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llien elevated, so that a forest grew apon its sur&oe. It was then 
depressed at least twenty-fire hundred feet more, to admit of the 
depoutjon of the subsequent strata, and the whole is now uplifted 
to form a momitiuu range of eight thousand feet iu height. 

The temple of Jupiter Serapls, near Naples, in Italy, vaa built 
near the sea, about eighteen hundred years ago. It was gradually 
submerged, and finally lost by the deposition of sediment nearly 
to the top of the columns. It was a^erwards elevated, so as to be 
entirely above the level of the sea. The remains of the temple 
(Fig. 65) were afterwards discovered by the columns projecting a 

Fig. GS. 



little above the grouud. The sediment was r«noved to the depth 
of fbrty-ox fbet, whan the workmen come to the base of the col- 
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umns, and to a pavement seventy ^t in diameter. In 1807 an 
artist was employed to take drawing of the ruin. The pavement 
was then above the level of the sea. Sixteen years afterwards the 
same artist found the pavement covered with water, and the depth 
has continued to increase since that time. It is considered that 
for the last forty years the depression has been three-fourths of an 
inch a year. 

Instances enough have now been given to show how extensively 
the syBtem admits of change. They are sufficient to justify „s in 
searching for indications of great revolutions in past times, even 
where no such indications have as yet been discovered. They will 
serve as a key to many otherwise inez|dicable phenomena. In 
order to the interpretation of such phenomena readily, we must 
cease to look upon these as exceptional cases, and regard them not 
only as &cts, but as facts of frequent occurrence. 

From the examples which have now been given, as well as from 
speculations upon the cause of these changes, it seems highly prob- 
able that all the surface of the solid portion of the earth, whether 
land or the bed of the sea, is undergoing changes of level. It may 
be ' so gradual that in the life of an individual it would be imper- 
ceptible, even where the best means of detecting it exist. These 
means are generally the works of man, and they are themselves so 
liable to change, that it would be scarcely possible to detect varia- 
tions of level, which amount to but a few inches in a century. 

If we admit that the relations of land and water have always 
been variable, it is impossible to arrive at any certain conclusion as 
to the amount, position or form, of the dry land at any former 
period. We may determine, with some degree of certainty, what 
portions of the present continents were submerged at particular 
epochs. Thus, we may infer that most of this country was sub- 
merged during the Silurian period, fiom the great extent of the 
Silurian rocks ; and, &om the limited extent of the chalk formation 
in this country, we know that during the cretaceous period most of 
the continent was above the sur&oe of the sea. But we have 
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abflolntely no data for det^fmimiig wliat poribna of the bed of the 
sea were at any time dry land. 

It is suppoeable that the land has been principally confined to 
the equatorial regions at one period, and to the polar at another. 
At still a di£ferent period the land may have existed as ishmds 
scattered through a general ocean. These relations may, there* 
fore, be assomed to have existed, if there are geological phenomena 
Hhich best accord with such relations. 



SECTION lY. — CHANOSS ON THE SURFACE OF THE EABTH. 

1. The principal changes of this class consist in the wearing 
down and removing immense quantities of the surface rock. The 
form in which the igneous rocks, of which the entire crust of the 
earth was ori^ally composed, now appear, ftimishes no assistance 
in jud^ng of the amount of denudation which they have suffered. 
We Can judge only from the amount of rock for which they have 
ftimished the materials, and these are the whole sedimentary 
series which exist both as dry land and as the bed of the sea. 

2. The sedimentary rocks have also been subject to great denu- 
dation; and we often have, in what is left, some indications of 
how much has been removed. One of these indications consists in 
the now level sur&ce of those portions of country in which large 
faults exist. By the excavations for coal, in England, faults have 
been discovered of five or six hundred feet. At the time that they 
were formed, the sur&<;e must have presented precipitous escarp- 
ments (as represented by the dotted lines in Fig. 50) of a height 
equal to the dislocation ; but the whole is now reduced to a gen- 
eral level (z z), denuding causes having removed the elevated 
portions. 

The extent of valleys will often give some idea of the amount 
of denudation to which a re^on has been subjected. In the north- 
west of Scotland there is a succession of hills of about three thou- 
sand feet in elevation, cone&sting, for the upper two thousand foet, 

8 
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of horizontal strata of old red sandstone. (Fig. 66.) We can- 
not oonoeire that these mountain masses were deposited in their 



Hg. 66. 




present isolated form. The whole intervening spaces must have 
been filled with strata continuous with those by which the eleva- 
tions are formed.* 

A somewhat similar instance occurs in the Connecticut river 
sandstone, in the central part of Massachusetts. The fi)llowing 
figure (B^. 67) represents two mountains oPthe sandstone, between 
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which the Connecticut river flows. The dotted lines indicate a 
depth of one thousand feet of the rock which has been swept away. 



* " I entertain little doubt that when this loftier portion of Sootlaod, inelud- 
ing the entire Highlands, first presented its broad back oyer the waves, the 
upper surface consisted ezolusiyely, from one extremity to the other, of a con- 
tinuous tract of old red sandstone ; though, ere the land finally emerged, the 
ocean currents of ages had swept it away, all except in the lower and last 
raised borders, and in detached localities where it still remains, as in the pyr- 
amidal hills of Western Bossbire, to show the amazing depth to which it had 
ODoe overlaid the inferior rocks." — WXer^ Old Red Sandstone, p. 22. 



It is also thought that a bed of equal depth has been remoredfimn 
this BectioQ aouthward, through the State of Connectiaat, to the 



3. VaUeyi, and even many of the larger valleys, are prodooed 
by the weariag down of the euriace. The lower portion of the 
Gonnecticnt valley is one of denudation, though in its upper pert 
it IB a valley of elevation, resulting from the upheaval of the 
Oreea and White Mountains. Ihe vater-comsee from the moon- 
tains are transverse to the direction of the ranges, and generally 
confdst of valleys of denudation. These valleys were do doubt 
originally iractnree, produced' while the mountains were riung. 
^Ihe fiactures hare been BubBeqnentiy widened by denudation into 
valleys. 

4. The rocty surface, beyond the fortieth parallels of latitude, 
and in the vicinity of glader-piodociiig moontaios, is gener- 

Pi(. C8. ally covered with 

grooees and stria 
(Fig, 68), varying 
from several inches 
in depth to the 
finest peroeptible 
lines. Bocksthat 
are of a soft con- 
sistence, or which 
have been long 
exposed to atmos- 
pheric agents, sel- 
dom exhibit these 
marks, thoo^ there are probably few places, outode of the par- 
allels before mentioned, where the rocky surftoe, if it has been 
protected fVom atmospheric decay, does not contain such grooving. 

5. Another change at the Borface conasts in the formation of a 
sot2; that is, of a superficial layer, of no great thickness, of earthy 
matter, a large proportion of which is always in a minutdy divided 
state. In some instancea it in conunon sedimKit, unso lidifi ed ; in 
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others, it womeAB of the sar&oe rook in a state of disiiitegiation; 
but a large part of the soil within the region where the grooYod 
sur&ces are found oousists of materials transported from a 
distanoe. 

Soils are distinguished according to their predominant minerals, 
as siliceous, aluminous and calcareous. If siliceous matter is j|^ 
excess, it will be a light, warm soil, and allow the water to pass 
through it too freely. If the day predominates, the soil is cold, 
stifF, and too retentive of moisture. A proper admixture of these 
three ingredients constitutes the best soils. There are some other 
mineral ioigredienfs essential to the productiveness of soils, but 
they are always in small proportion. In addition to the inorganic 
part which is common to the upper soil, and the subsoil, there is 
required, in order to render the upper layer productive, a large 
admixture of decaying animal and vegetable matter. 



SBCTION V. — CHANGES OF CUMATB. 

Our means of determining the climate of any former period 
oonsists in a comparison of the fossils of such period with the exist- 
ing forms of life in warm and cold climates. 

The earliest abundant vegetation oonnsted prindpally of ftlfUs, 
rushes and mosses, and a larger growth was attained than^.l^ at- 
tained by any of the allied forms of the present time. We may 
infer that the circumstances under which these lower forms of 
vegetable life are now produced in the largest proportion, compared 
with other forms, and under which they grow to the largest size, are 
the circumstances approaching most nearly those under which the 
early vegetation was produced. These ciroumstances are found 
to be a positicm elevated but little above the level of the sea, a 
humid atmoq>here, and the highest terrestrial temperature. Such 
fiwts &vor the oondunbn that during the coal period an ultr&- 
tropical climate prevailed, and that the land existed in the form 
of low isknds, thickly set in a general ooean. 
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The peculiar characters of some of the animal fossUs, from the 
earliest fossiliferous to the tertiary series, indicate that a warmer 
climate prevailed during their formation than now exists. The 
remains of marine animals, such as the cephalopoda, are found in 
great numbers and in high latitudes, in a fossil state ; but similar 
species, as the nautilus, now abound only between the tropics. The 
same is true of the crinoidea. Coralline limestone is also found in 
great abundance and in high northern latitudes ; but the stonCfpro- 
ducing coral now exists only in very warm seas. The remains of 
saurian reptiles are numerous in the oolite and Wealden ; but all the 
larger recent species of the lizard tribe, such as the crocodile, are 
confined to the warmer regions of the earth. 

A former warm climate in Siberia is indicated by the occur- 
rence there of the remains of elephants. These animals were so 
abundant that their tusks are now collected as an article of com- 
merce. The abundance and high state of preservation of these 
remains seem to preclude the explanation that they were conveyed 
there, from the present tropical regions, by any great geological 
convulsion. The species must therefore have inhabited the country, 
though the elephant is now ifound only between the tropics. The 
Siberian elephant was a different species from any now existing, 
and, unlike the recent species, had a covering of coarse hair. 
There is, however, no reason to conclude that it could endure a 
continued low temperature ; and its sustenance would have been 
impossible, from the very stinted v^tation which that region now 
affords. We must therefore suppose that Siberia enjoyed, at the 
period when it supported these animals in such abundance, a trop- 
ical climate. 

Most of the facts which go to prove a change of climate have 
been observed in the northern hemisphere ; but the explorations in 
South America and New Holland ^imish ground jfor believing that 
the geological phenomena of the two hemispheres are essentially 
alike, and that the indications of climate are the same for the same 
periods. 

Such is, in general, the evidence in reference to climate; and it 
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leads to the oondtunoii iliat a highly trofHcal dimate preyailed in 
the tonperate, and for some distance, at least, into the polar 
Konte, in the early geological periods ; while there is no reason for 
supposing that the tn^ical regions experienced a temperatnre too 
high lor physical life to endure it. The climate of the earth was 
characterized then by a higher temperature than now, and by 
greater uniformity. This was the climate, with perhaps a gradual 
reduction of temperature, till the later portions of the tertiary 
period. 

Before the close of the tertiary period, a change occurred, and 
probably a rapid one, to a more rigorous climate than now exists. 
The destruction of the elephant in Siberia was evidently sudden, 
and was followed by extreme cold ; for the animals are in scmie 
cases entirely presenred in ice, and in so perfect a state that, when 
the ice which surrounds them becomes melted, the flesh is devoured 
by carnivorous ammals. There are occasionally found, in the drifk 
of the boulder period, shells similar to those of the Arctic regions, 
and in a condition to show that they have not been tnum^rted. 
The day beds of the northern portion of the United States and of 
Oanada were deposited during the last depression of that portion 
of the continent, and they contain the remains of marine animals 
identical in several instances with species now living, but confined 
to more northern re^ns. It must therefore be admitted that the 
interval between the middle tertiary and the modem era was <»ie 
of great cold. It is generally referred to as the Glacial period. 

Very considerable local changes of climate have also occurred 
within the historical period. Hius the mean temperature of the 
Alps has been so reduced that the ancient passes have in modem 
times become choked up wi^ snow, and other passes have been 
sought, — a result, perhaps, of additional upheaval. It would serai 
that Siberia is now receiving a milder climate. The ice in which 
elephants have for centuries been imbedded has been slowly melt* 
injc for at least thirty yeais. 
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8BCIZ0N YI. — ADVANTAGES fiXSTTLTINa VROM GBOLOGICAL CHANGES. 

1. The divifdcm of the general sor&oe into land and water, as well 
as the diversified form of the laod, the existence of moontains and 
low lands, and the ccoiseqaent modifications of climate, the water- 
fidls, and the river-systems, constituting the drainage of continents^ 
are all results of the process of upheaval. 

2. A large part of the mineral substances employed for archi- 
tectural and economical purposes are oceanic deposits, — such as the 
marbles, slates, sandstones and mineral salt, — and would have been 
inaccessible if they had not been elevated from the position in 
whidi they were fimned. And the elevation of them above the 
bed of the sea would have exposed only the superficial layer, if 
they had not be^ either irregularly uplifted, as at e c (Fig. 69), 
or unequally worn down, as at b. 
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Fig. 69. 
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The gnmitic rocks, as they Were formed below the aqueooa 
rocks, must have remained unknown and useless, if they had not 
been brought to the 8nr&ce,as at c, by the most convulsive efiforts 
of nature of which we have any knowledge. Thus, natural 
mechanical forces have effected for man what the mechanical foroea 
under his control would be entirely insufficient to aocomj^ish. 

8. It is by changes ofthis kind iiiat we become acquainted with 
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the geological stractore of the crust of the earth. Mining opera- 
tions have never extended to a greater depth than three thou- 
sand feet, while the inclined position of the strata exposes for 
examination, along their outcropping edges, e ac, the whole series, 
even to the primary rocks. The upheaval of the granitic rocks, 
and the removal by denudation of the overlying deposits, shows 
us the crystalline character which the earthy materials take, 
when subjected to pressure and cooled from fusion with extreme 
slowness. Thus we have, exposed to observation, the process of 
nature in the formation and modification of rocks for several miles 
in depth. Of the central portions, however, including by &x the 
largest part of the mass of the earth, we have no knowledge 
whatever. 

4. Springs f and the other means of obtaining water for domes- 
tic purposes, depend in part upon the inclined position of strata, 
and the broken and uneven condition of the surface, and in part 
upon the alternation of permeable and impermeable strata. If all 
the strata were* porous, like the sandstones, the water which &lls 
upon the surface would gradually settle through them to the level 
of the sea ; or, if they were all impermeable, like the clays, the 
water would pass over the surface, and be collected in lakes or the 
ocean. As it is, the porous structure of the soil and of some rocks 
acts as a reservoir, from which the water is gradually discharged, 
and the intervention of impermeable strata prevents its taking a 
perpendicular direction downwards. Thus, if the stratum e h (Fig. 
69) consists of porous rock, and the one below is impermeable, the 
water which is absorbed at e will appear at & as a spring. Or, 
if the line a (2 is a fracture, the water received at c may reappear 
as a spring at a. If the strata were perforated by boring at « till 
the porous stratum a is reached, the water will rise to the sur- 
&oe, constituting an Artesian toell. An ordinary well consists of 
an excavation continued till a stratum is reached whidi is perma- 
nently saturated with water. 

5. Most of the metallic ores which occur in the stratified rocks, 
with the exception of iron, are found in fractures or as dikes. 
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Without these disturbances of the strata, the ores would have 
remained either sparingly diffused throughout the adjacent strata, 
or as a part of the melted mass at the volcanic centres. The ores 
and metals which are found in the primary rocks are accessible 
only by the bringing up of these rocks to the surface. 

The fracturing, displacement, and elevation of the strata, 
attended, aa is often the case, with the destruction of property and 
of the life both of man and the inferior animals, might, at first 
view, be thought an unnecessary, if not a wanton infringement upon 
arrangements already established. But the results which we have 
noticed, though by no means a faJl enumeration of the advantages 
resulting from geological changes, are sufficient to show that even 
the more violent disturbances to which the crust of the earth has 
been subjected constitute an important part of that series of adjust^ 
ments which has rendered it a suitable abode for human being?. 
These changes are therefore neither useless nor accidental, but are 
essential parts of a wise and beneficent system. 



CHAPTER IV. 

OF THE CAUBE3 OF OBOLOOICAL PHEITOMENA. 

An exhibition of the composition and structure of the earthy 
together with an aocount, aa fiu: as there is reliable evidence, of 
the modifioations which they have undergone, has been the objeot 
of the preceding chapters. Thej are nudnlj a collection and das* 
sification of observed &ot8. No reference has been made to 
causes or modes of operation^ except in a few cases where it was 
necessary in order that a statement or description, mi|^jt be 
intelligible. 

If the fiicts have been given with sufficient clearness and detail 
to convey a correct general idea of the crust of the earth, we are 
prepared to inquire what are the agencies employed, and how they 
have operated in producing it. It is the province of the geolo^t 
to question every known power in nature, and to ascertain what 
geological e£fects each one is now producing ; and, observing what 
effects are produced by given causes, he is to judge of the causes 
which have produced like effects in past geological periods. 

Some of these causes are in their nature limited^ and efifects can 
be referred to them only within those limits. Thus, the congeki- 
tion of water expands it by a certain proportion of its volume, and 
beyond that it can have no effect. But the expansive power of 
steam varies with the temperature ; and hence the effects reiferred 
to it may be equally varied. Thus, we are not to expect exact 
uniformity of results in all past times, but the results wiU vary 
only as the circumstances vary upon which the operation of these 
causes depends. 
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GtttkkMOic&l oanflos, in most inirtaiioes, (^Msste with (xtreme tk>w^ 
nees ; and theiefbre it will xeqtiire aseriesof obnrvatioDfl, ooDtomed 
Skt a long tine, to aaoert^ Jwhat are the oapabHitifiB of tikese 
oaoses. But a single instance of ikmr effisota piorres their oapi^ 
hiHiiea tfana &r. Kenee^ one iestanoe of tibe deposition of a 
stratum of salt in a salt hkef of the filling of a fbetnre wldi fluid 
lava; of a Yoloanic ernption, ^e that of Iceland in 1783; of ibo 
subsidence of a foloame moantaiD, as that of Pli^Maidajang in 
Java; or of the lising of a large area of land, as in Sweden, as 
fiillj proves that natural causes exist capable of producing these 
effects* aa if the effects were jHroduoed daily. As these ^Eects 
increase in numbery and careful observations are made an^ anthen- 
tio acconnts preserved, the means of correetljr explaining geologi** 
cal phenomemi will merease. The causes thus &r known are 
Atmospheric Causes, Chemical Action, Organic Agency, and 
Aqueous, Aqueo-glacial and Igneous Action. 



SliCnON I. — ATMOSPHERIC GAT7SES. 

. The oxygen of the atmosphere is dupable of uniting with some 
of the constituiNits of rocks, by which thdr cohesion is weakened or 
destroyed. This is the cause of the rapid disintegration of scmie 
varieties of granite. The protoxide of iron which tbby C(mtain is 
converted, by contact vnth the atmosphere, into the peroxide. Its 
volume is thus increased, and portions of the rock are separated 
from the mass. When granite or limestone ccmtains sulphuret of 
iron, the oxygen of the atmosphere, in connection with mdsture, 
combines with the sulphur, ferming sulphuric acid, by which lime- 
stone and tike lebpar of granite are rapidly decomposed. Haice,, 
a rock whidiL contains an oxide or sulphuret of iron should not be 
used for architectural purposes. 

Carbonic acid is another ooustituent of the atmosphere which 
operates as a decomposing agent The water that Ms firam the 
ataioq^here is dutr^dd with it, and thus becomes oBipable of dis* 
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solving calcareous rocks. Carbonic add is thus indirectly the 
means of the rapid destruction of rocks of this class. It is also 
believed that carbonic acid enters into direct combination with 
some of the constituents of rocks, and particularly felspar ; fer it is 
found that in those countries where carbonic acid issues in great 
quantities £rom the earth, the rocks, especially those which contain 
Mspar, disintegrate rapidly. Masses of many tons' weight, which 
appear to be solid granite, after being broken are found to be in 
such a state of decay that fragments may be reduced to sand 
between the fingers. 

The moisture of the atmosphere has some effect as a decompos- 
ing age^t. Rocks which are exposed to frequent alternations of 
moisture and dryness soon crumble into fragments. Eain, falling 
upon the surface of rock, produces, mechanically, a destroying 
effect, which is not to be overlooked. 

Variations of temperatuiie, especially those alternations above 
and below the freezing point, have greater influence than any 
other cause in the destruction of rocks. When the water with 
which a rock is saturated congeals, the resulting expansion tends 
to eularge the interstices, and thus to separate the particles of the 
rock. When the ice melts, the particles fail to resume the close- 
ness of arrangement with which they were before packed. By 
frequent repetition of this action, the superficial portion loses its 
cohesion, and disintegrates. It is also found that in the region of 
perpetual snow the surface of the mountain masses is covered with 
rock in a disintegrated or fragmentary state, in greater abundance 
than below the snow line ; but no explanation of this fact has yet 
been feund. 

In mountainous re^ons, electrical discharges and violent storms 
have some dcstro3ring effect. Winds have considerable power 
in changing the place of earthy matter in a disintegrated state. 
In deserts, the sands are carried in great quantities to great 
distances. 

The causes now enumerated, when considered separately, and as 
actbg fi)r only limited periods of time, seem baidly worthy of 
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notioe ; but when considered as operating conjointly, and &r indefi- 
nite periods of time, they must have produced important changes 
on the sor&ce of the earth. 

From these canses, the sorfkce and ornaments of casUes and 
other ancient edifices, and of boulders, and all insulated rocks, 
are found to be decayed, and often to a considerable depth. It is 
from these causes that a soil is produced on every surface of rook 
which is not so exposed to the action of currents that the debris is 
removed as fiist as it is formed. Hence it is, also, that a slope of 
detritus is formed at the base of eyeiy declivity, so that the ledge 
appears only at the highest porats. 

It is from a combination of these atmospheric causes that a large 
part of the sediment is furnished which brooks and rivers carry 
away. And .when cohesion is not entirely overcome, it is so for 
weakened that other causes are much more ef^ual than they 
would otherwise be, in effecting the disintegration of rocks. 



SECTION 11. — CHXHICAL ACTION. 

All those changes in which the action is molecular, — that is, be- 
tween the molecules as such, and not between the masses, •— includ- 
ing the effects of the imponderable substances, we regard as result- 
ing from chemical agency. 

Under the control of these molecular forces the crystalline rocks 
have taken their form ; and if the crust of the earth could have 
remained in a fixed condition, in which these forces would have 
been in equilibrium, no further chemical action could have taken 
place. But, instead of being in a fixed condition, the present sys- 
tem is one of perpetual change. Various disturbances of this 
equilibrium of forces, — such, for instance, as the diurnal and annual 
changes of temperature at the surface, and the still greater secular 
changes of temperature at great depths, — will bring the chemical 
forces into operation. The mechanical disintegration of the crys- 
talline rocks, and the deposition of them in strata independentiy of 

9 
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the chemical affinity of their particles, will ^ve occasion for 
chemical changes, — that is, for a rearrangement of the particles in 
accordance with their affinities, — whenever any movement of the 
particles among themselves can take pkoe. These moventents take 
place, to a very great extent, under the influence of electrical cur- 
rents, and of change of temperature, even while the masses retain 
their solid form. 

Chemical affinity has exhibited itself on the largest scale in the 
formation of the various mineral species of which the crust of the 
earth is composed ; but we may also refer to the same cause the 
formation of divisional planes in rocks, the concretionary arrange 
ment, and mineral veins. 

1. Dimswnal Planes. — It has before been stated, that the older 
rocks, in many cases, cleave freely in planes not paraUel with the 
stratification. (See Fig. 48.) In some instances, in beds of lava, 
a similar cleavage exists, sufficiently perfect to allow of its use as 
a roofing material. In these cases, there must have been a rear^ 
rangement of the particles, so that their axes of greatest attraction 
would lie in parallel planes ; the same arrangement which exists in 
mica and other crystalline substances, which have one and but one 
free cleavage. 

A similar arrangement has sometimes taken place under such 
circumstances as to submit the process to more careful scrutiny. 
In the gold mines of Chili, the powder from which the gold has 
been washed is " thrown into a common heap. A great deal of 
chemical action then commences ; salts of various kinds effloresce 
on the surface, and the mass becomes hard, and divides into frag- 
ments which possess an even and tDeU-defined slaty structure " 
When a portion of clay, worked into a paste with a very weak 
acid, is submitted to a weak voltaic action for several months, and 
then dried, it is found to have acquired a distinct though imper- 
fect cleavage structure. 

It appears, then, that both electrical currents and ordinary 
diemical action are capable of arranging the particles of an earthy 
mass ioto separable layers. We may then regard this change in tho 
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older rocks as an imperfect crystallization, and probably induced 
by electro-chemical agency. 

It is also found that all rocks are divided into huge blocks by 
seams not parallel with the cleavage, and too regular to be consid- 
ered as fractures. These seams bear an analogy to the secondary 
faces of crystals, which are never parallel to the cleavage. 

2. Concretionary Formations. — There exist in many rocks 
concretions which differ from the mass of the rocks. In most of 
the tertiary clays there are small concretionary nodules, which 
contain more calcareous matter than the mass of clay around them. 
In the coal formation, the nodular iron ore consists of concretionary 
masses. In the chalk formation, nodules of flint abound, and gen- 
erally in layers. In many of these cases, particularly in the 
clays and coal, the nodules have an organic nucleus, and, although 
concretionary, they retain the marks of stratification of the adja- 
cent rocks. Hence they could not have been deposited in the ferm 
of nodules. There must therefore have been in the rock, though 
in the solid state, such motion among the molecules that particles 
of a particular mineral have separated from the mass and rear- 
ranged themselves in concretionary layers, yet so gradually as not 
to disturb the lines of original stratification. 

There are other instances, similar to the last in all respects, 
except that the segregated portion does not take the concretionary 
form. When gypsum is distributed in smaU proportion through 
a formation, there seems very little reason to doubt but that it is, 
by a molecular action, segregated from the strata in lenticular 
Fig. 70. masses, as at a (Fig. 70). Many 

of the limestone strata contain 
irregular aggregations of quartz. 
It is presumed that the siliceous 
and calcareous matter was deposited 
together as sediment, and that the aggregation has resulted from 
a movement among the particles similar to that by which the con- 
cretionary structure is produced. 
The columnar structure of basalt seems to have resulted froiv 
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a pecaltar molecular action, at first resembling a concretioiiaiy 
arrangement, wliile the mass was cooling froma slate of fusion. Id 
experimentbg to asoertain ihe cause of this strocture, Mr. Walt 
fiued in a fiirnace seveo hondred poundsof basalt. When cooled, 
E^- tl. he finind that " numerous apheroids had been 

I formed, and that when two of them oame 
in contact, they did not penetrate each other, 
but were mutually compressed and Beparated 
by a well-defined plane, invested with a 
maty coating. When sevel^ met, they 
formed prisms." (Fig, 71.) 
3. Mineral Veins. — The phenomena of veins are such that 
they cannot all be referred to the same cause. In some, the vein- 
BtufF has been protruded as a tUke, differing from ordinary dikes 
only in the accidental urcumstance that it contains a metal or 
a metallic ore. 

Mineral veins are not, however, generally filled by injection from 
below. It is found that those veins only are productive which have 
an east and west direction. But injected dikes ran in all directions. 
The ore often varies in richness at different depths in the vein, 
or passes into ore of some other metal. The ore also varies in 
kind and quality, according to the character of the rock through 
which the vein passes. These phenomena aro beet expl^ned by 
supposing that the sediment of which the strata were formed con- 
tained the mineral substances of these veins in small proportion. 
After they were solidified, and fractures had been formed, the min- 
eral substance was transferred by molecular action to the fissures, 
and deposited. 

It was shown by the early experiments of Davy, that voltaic 
cnrrents are capable of taking up mineral substances from their 
solutions, and removing them from one cap to another. It has 
been ascertained that in meet mineral veins a proper apparatus 
will detect the eilstence of electric currents. It may be regarded 
as certain, that the unequal heating of different parts of tiie sor- 
&oe at tiie same time, by the sun, causes a vast ourrent of feeble 
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intensity to circulate around the earth once in twenty-four hoars. 
The unequal distribution of heat below the surface may also pro- 
duce currents subject to other laws. We should expect that these 
currents would take up the mineral substances diffused through 
rocks, and deposit them by themselves. It seems probable, there- 
fore, that the molecular action, from which the segregation of 
metallic veins has resulted, was that of voltaic currents. 



SECTION m. ORGANIC CAUSES. 

The effects of all organic causes in producing geological changes 
are inconsiderable, compared with those of inorganic causes. With 
the exception of the coral formation, the most important of these 
effects are those produced by human agency. We find examples 
of this agency in the distribution of animals and p|ants beyond the 
regions where they are indigenous ; in the increased numbers of 
certain species, and in the diminution, if not extinction, of others ; 
in the modifications of climate, dependent on the destruction of 
the forests and the cultivation of the soil; in controlling the course 
of rivers ; in arresting by embankments the encroachments of the 
sea ; in breaking up and changing the place of great quantities of 
rock by mining and engineering operations ; and' in the increased 
quantity of sediment furnished to streams by cultivating the sur- 
&ce, and thus preventing the protecting influence which the matted 
roots of trees and the smaller vegetables would otherwise have. 
Such effects, though attributable mainly to man, are produced in 
. some degree by all other animals. 

Besides these general effects, it is the existence of organic forms 
that has conferred on all the sedimentary rocks their fossiliferous 
character. The records of the climate of each geological period, 
of the physical geography, of the vegetable productions, and of 
the animal forms by which the earth was peopled, consist in the 
remains of the living beings of these several periods, imbedded in 
the contemporaneous rock formations. But in the sediment 
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deposited since the human era there must have been furnished 
both the remains of human beings and works of art, such as 
implements of labor and war, pottery, coins, fragments of ships, &c. 

Moreover, the quantity of material which has been furnished bj 
organic causes is by no means small. The coal-beds are the prod- 
uct of vegetable growth exclusively. We not unfrequently find 
strata of great extent consisting almost entirely of the shells of 
molluscous animals, of the stems of encrinites, or of the shields 
of microscopic animalcules. 

But the most abundant rock which can be regarded as the prod- 
uct of animal organization is the coral formation. It consists of 
immense walls of coral limestone, separating either an atoll or the 
land of an bland or continent from the open sea. The base of 
this wall has a width varying from a hundred feet to a mile or 
more, and the outer edge of it is at such a distance from the shore 
as to give a depth not much exceeding a hundred feet. Over 
this area of the bed of the sea, which forms the base of the wall, 
the coral polyp commenced its work. Attaching itself in im- 
mense numbers over this area, it deposits calcareous matter fix}m 
its under surface, and thus, by degrees, elevates itself towards tho 
surface of the water, till it reaches a level a little above low-wat« r 
mark. The height of the wall would not, with these oonditionj, 
exceed one hundred feet ; but some hundreds of the islands sur- 
rounded by coral walls are gradually subsiding. The depositions 
of the polyps keep pace with the subsidence, so that this wail has 
reached an elevation from its base of a thousand feet, and iu one 
instance of two thousand feet. (See Figs. 61, 62, 63, 64.) 

Most of the islands of the torrid zone are thus surrounded with 
coral reefs, except a few where the cold polar currents reduce the 
temperature too low to admit of their growth. In one instance, 
along the north-east coast of New Holland, there is a coral reef, 
some twenty-five miles from the land, which has a continuous ex- 
tension, excepting occasional inlets of no great depth, of a thousand 
miles. The reef along the island of New Caledonia is four hun- 
dred miles long. A large number of other reefs have a nearly 
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equal extension. There is thus an area of several thousands 
of square miles covered to a great depth with this coralline lime- 
stone. Some limestone formations of great extent among the older 
rocks were the work of similar animals. These lower forms of 
organization have, therefore, always been important geological 
agents* both in collecting the carbonate of lime from its solution 
in the waters of the ocean, and in depositing it as solid rock. 



SECTION IV. — AQUEOUS CAUSES. 

Water is, next to heat, the most important geological agent. 
All the stratified rocks are aqueous deposits, and their total 
amount is in some respects a measure of the influence which this 
agent has exerted. The materials have been obtained fix}m the 
destruction of preexisting rocks, transported by water, and depos- 
ited in layers. 

When the first strata were formed, the sediment must have 
been obtained entirely from igneous rocks, because only thoso 
rocks existed ; but now it is obtained from every kind of rock 
which is exposed to abrading or decomposing agencies. Hence, 
many of the later formations contain fragments, and sometimes 
within the fragments well-characterized fossils, of earlier formations. 

The sediment which is ultimately to become stratified rock is 
deposited on the beds of the ocean, and other great reservoirs of 
water. The formation of most of the aqueous rocks, therefore, as 
well as of the igneous rocks, is deep below the sur&ce ; and neither 
of these operations, on the large scale, is directly exposed to our 
observation. We may, however, learn by observation, how the 
sediment is furnished to the waters and transported by them, and 
we can fi>rm some correct ideas of the manner in which it will be 
laid down on the bed of the ocean, and solidified. 

I. The Furnishing of Sediment, 

1. Almost all the minerals which occur in the geological forma- 
tions are, to some slight extent, soluble in water. Hence, rain 



104 AQUliOUS CAUSES. 

water, hj passing through a stratum of earth or rock and reap- 
pearing as a spring, loses the insipidity which it had as pure 
water, and becomes palatable. It is then found to hold in 
solution some small proportion of earthy substances, upon which 
this change of taste depends. Although the proportion of dissolved 
matter is very small, yet the surface of earth upon which tlfis dis- 
tilled water is shed is one-fourth of the sur&ce of the globe, and 
solution below all that surface is constantly taking place. No 
inconsiderable amount must thus have been furnished, from the 
existing rocks of each period, towards the formation of the strata 
of a later period. 

There are some substances which are soluble in water, in large 
quantities. Rock-salt is an example. It is not found in any 
very large proportion in rocks generally, but a very large aggre- 
gate amount has been taken up by the waters which have filtered 
through the strata. The ocean gathers into itself, by degrees, all 
the soluble substances which are thus taken up. It receives sup- 
plies of water charged with these substances from springs, rivers 
and lakes. It returns as much water as it receives ; but it is 
always in the form of vapor, and is therefore pure water. Hence 
the saline properties of the ocean, and of those inland seas which 
have no outlets. There is thus gathered the materials for the 
rock-salt deposits. 

But many substances which are not considered soluble in water 
become so by some modification of the water. Water of a high 
temperature is capable of dissolving silex. In Iceland and other 
volcanic regions, the hot springs are charged with silex, which is 
deposited as the water cools. Thus, siliceous formations accumulate 
around springs of this kind. The various agates may have been 
deposited from such solutions. 

In the decomposition of mica, felspar and volcanic rocks, a con- 
siderable amount of potassa is set free. Potassa or soda renders 
the water in which it is dissolved capable of dissolving silex in 
large quantity. In these ways water removes, with some degree 
of rapidity, one of the most insoluble minerals which rocks contain. 
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In Yolcanio oDuntries, and in coal districts, carbonic acid is 
abundant, both in spring-water and in the gaseous form. Water 
charged with this gas becomes capable of dissolving limestone. 
Where the water is exposed to the air, the gas gradually escapes, 
and the calcareous matter is deposited. Many accumulations of 
this kind are now taking place. Some have already extended 
several miles in length, and they are often of great thickness, — 
in one instance, in Italy, two hundred feet (Fig. 72). It is also 
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probable that many calcareous springs issue below the surface of 
lakes and seas, and thus, both fresh«water and marine deposits 
would now be forming. These formations are distinctly stratified, 
and are white and crystalline, and become solid at the time of 
deposition. 

These dissolved materials are less observed than others, because 
they do not render the water turbid; but there is reason to believe 
that several of the aqueous formations, particularly the limestones, 
have been built up chiefly from them. 

2. The abrading action of rivers furnishes considerable detrital 
matter. The general form of the river courses is determined by 
other causes than the agency of the river itself, yet a river which 
has a rapid current is continually deepening its channel. We have 
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proof of this by obserring, when the water is low, that irregularitj 
of sur&ce which running water always produces, by weariag away 
the softer parts of the rock, and leaving the harder in relief. 
Hence, a river will have its rapids either where the hardest strata 
occur, and which therefore wear down least rapidly, or where the 
rock has been hardened by the intrusion or near proximity of 
dikes. 

The abrading power of rivers oocasionally becomes greatly 
increased by water-Palls. The force which the water acquires in 
its descent is such as to excavate a deep cavity at the foot of the 
fall, reaching back under the ledge from which the water descends. 
The ledge is therefore constantly being undermined. The cataract 
of Niagara is peculiar, in having the rock at its base of a soft and 
friable texture, so that it is rapidly worn away, while the upper 
rock is a compact siliceous limestone. K the order of super- 
position had been the reverse, the fiills would have been converted 
into a series of rapids. It is now preserved as a single fall, and 
as such it has probably cut the gorge, about two hundred feet 
deep and seven miles in length, through which its waters now 
reach Lake Ontario. A few years since, a large mass, perhaps 
half an acre in area, fell from the centre of the horse-shoe ML 
Another mass of equal size has recently fallen from the western 
extremity of the ledge. Thus the ML is gradually receding. 

But the foreign substances, such as drifts-wood, ice, sand and 
gravel, with which the waters of a river are occasionally chaiged, 
contribute more than everything else to its abrading power. At 
such times its volume . is generally greatest, and its current the 
most rapid. Its bed is then sometimes perceptibly deepened and 
widened in a few hours. 

Much the greater part, however, of the earthy matter which 
rivers convey in such quantity to the ocean, is ftu-nished by other 
means than the eroding action of the river itselE It is the loose 
material, the soil and alluvium, to which the solid rocks have been 
reduced by the imperceptible but incessantly operating atmos* 
pheric agencies, ftx)m which most of the sediment of riyers is 
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obtained. After a rain, every tributary rivcd^t b turbid with 
suspended earthy matter, and it is from these sources that the 
larger streams receive the most of their sediment. 

Some observations have been made for the purpose of ascer- 
taiiiing the quan;tity of sediment which rivers annually carry into 
the sea. The Kennebec furnishes materials which, if spread 
evenly on an area of one mile square, and consolidated into rock 
of the specific gravity of granite, would have a thickness of six 
inches. The Merrimac furnishes about two-thirds as much, the 
Ganges about two hundred and fifty times as much, and the Mis- 
sissippi two thousand times as much. 

Thus, the tendency is, to reduce the highest parts of the land,, 
and to fill up the depressions of the sea ; and though we have not 
data enough to form any reliable estimate of the total annual dis- 
charge of sediment into the ocean by rivers, yet they are suffi- 
cient to show that the efiects of this kind are on a large scale, and 
to relieve us from any impression that existing agencies are inade- 
quate to the production of the stratified rocks. 

3. The action of waves is another means by which detrital 
matter is ^rnished. Wherever the shore consists of loose mate- 
rials, and is &vorably situated to be acted upon by the waves, there 
IS annually a sensible encroachment of the sea. Such encroach- 
ments are rapidly making in many places; and thus a large 
amount of sediment is delivered to the waters of the ocean. 

The waves also encroach upon the coast when it consists of 
rocks, even of the most indestructible kinds. They continually 
beat upon it, undermine the cli&, and precipitate them into the 
sea. The 'tides increase the power of the waves, by varying the 
place of their action, so as to present the same sur&ce of rook 
alternately to the action of water and of the air, frost and sun. 
During storms, the waves have sufficient force to break off ftag- 
ments of rock from the escarpment, sometimes in masses weighing 
twenty tons or more, and remove them many rods inland. 

A bold, rocky coast always exhibits evidence of a great amount 
of erosion. The steep escarpments and tlie high ru^ed shafts of 
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rock (E^g. 73) aguogt which the w&ves now beat are the rem 
nants of masses of rock vhich once extended further into the sea 
but have been worn anay by the naves. It is by such agency 
that the deep inlets and harbors of the coast of New Engknd and 
Nova SootJa have been excavated. 

Fig. 73. 



This more violent action of the waves is only occasional ; but 
when of less power, they are incessantly rolling the loosened frag- 
ments of rock upon each other, and thus wearing them down to 
particles small enough to be carried away by the water. 

4. The action of waves is confined to the coast, and never 
extendi b) great depths. But martTie currents act principally on 
the bed of the sea. The temperature of the mass of the ocean 
is mtich higher in the equatorial than in the polar regions. 
At the snr&ee, the difierence amounts to sixty degrees. The 
waters of the torrid zone are thug expanded, and flow over the 
colder waters of the north and sonth ; wtule these colder waters 
of the polar seas flow back, iu an under cnrreot, towards the 
equator. 

For the same reason, — a difierenoe of temperature, — there will 
be, in the lugher redone of the atmaephere, a curreDt of warm and 
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moist air flowing from the equator north and south, while the cold 
and dry air oomes in from the polar re^ons towards the equator. 
In this way the equatorial waters are carried, in a state of vapor, 
towards the poles, where they are condensed, and go to increase 
the currents of water moving towards the equator. 

Such are the general causes of the oceanic movements in a 
north and south direction; but these currents at once become 
deflected westward, by the diurnal revolution of the earth, as the 
trade winds do. Hence there results a Pacific equatorial current, 
which has a motion of about thirty miles a day, and an Atlantic 
equatorial current, moving from sixty to seventy miles a day. The 
principal marine currents are shown in Fig. 74. 

The currents moving towards the poles are superficial, and 
therefore do not produce any marked geological effects. But the 
polar currents, and those which are produced from them, are of 
great depth, and there is no reason to suppose that they do not 
move, from their commencement, along the bed of the ocean. 
There is also reason to suppose that they exist at great depths, 
where the opposing superficial currents entirely conceal them. 

Wherever these currents come to the surface, their motion is 
undoubtedly greater than it is at the bottom, where it is retarded 
by the friction which the moving waters encoun^r, and by the 
irregularities of the bed of the ocean. It should, however, be 
remembered, that they move with the weight of the whole superior 
body of water ; and therefore, though the motion be very slow, it 
will still possess great power. 

Any irregularities in the bed of the ocean beneath such a 
current must be subject to very rapid abrasion. We shall see 
hereafter, that earthquake vibrations often shiver the rocks at the 
solid surface ; and if any of these ridges at the bottom of the 
ocean were thus acted upon, the loosened portions would be swept 
away by the current and deposited at lower levels, or where the 
current subsides. If, in any instance during an earthquake con- 
vulsion, a fault should be produced across one of these marine cur- 
rents, like the great &ult of over five hundred feet in England, 
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Uie abatment thns thrown up would soon be woni down; and if it 
oonsistod of nnoonsolidated matter, it would be swept away almost 
bodily. 

The e£Eect of such corrents will be greatest where they are 
deflected by a continent or island. Thus, a marine current sets 
from near New Holland in a direct line to the north of the island 
of Madagascar, where it is arrested by the African coast, and 
deflected into the narrow Mozambique channel, and there acquires 
a velocity of four or five miles an hour. It is impossible that any 
kind of rock should receive the constant force of such a body of 
water without being rapadly worn away ; and, if there should be 
any diffsreuce of texture in this rocky barrier, the softer portions 
would yield the most rapidly, and thus vaUeys might be formed. 

It is not improbable that the deep indentation on the western 
coast of A&ioa may have been due, in a great measure, to the coast 
current fnm the Oape of Good Hope ; and that the Caribbean Sea 
and the Gulf of Mexico may have been excavated by the force of 
the Atlantio equatorial current being thrown into this angle. 

We may regard these currents as oceanic rivers; and it is obvi- 
ous that the volume of the terrestrial rivers would bear no com- 
parison with that of these currents, and their efiects would be 
equally small in the comparison. The Gulf Stream, and the 
MoBambiqne and other similar currents, must be wearing down the 
valleys through which they flow, to such an extent as to furnish 
an immense amount of detrital matter fi>r the formation o£ new 
xodES. 

It is principally to the agency of these deep marine currents 
that we are to refer those extensive denudations, so abundant on 
the present continents, such as the wearii^ out of the inter- 
mediate masses of rock between the hills already referred to 
(Fig. 66), the denudation of the Ccmneciicut river sandstone, aad^ 
perhaps, the excavations which have formed Lake Erie and Lake 
Ontario. 

n. The Tran^rtation of Sediment. 

The detrital matter obtained in tliese several ways is swept 
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away by running water. The specific gravity of rocks does not, 
in general, exceed two and a half. Hence, to keep them suspended 
b water, will require a force of only three-fifths of what would be 
necessary to suspend them in the atmosphere. In the case of river 
currents, the velocity and irregularity of motion are generally 
sufficient to keep all the finer sediment equally distributed. 

There will, however, be a division of the sediment according to 
the strength of the ourrrent. Hence, the bed of a mountain 
stream, if there is any loose material, always consists of pebbles. 
As it approaches the alluvial region, the bed is sandy ; and when 
the current becomes very sluggish, it consists of a fine mud. 

Bivers never deposit all their sediment, some of them none of it, 
along their course. Large rivers continue partially distinct from 
the ocean water to a considerable distance beyond their mouths. 
The waters of the Amazon have been recognized at a distance of 
three hundred miles. This depends in part upon the volume and 
velocity of the river ; more, however, upon the fact that river water 
is lighter than sea water. This extension of a river will, in most 
cases, be sufficient to deliver a part of its sediment into a marine 
current. When such a current sweeps very near the mouth of a 
river, as it does to that of the Niger, the Amazon, or the Missis- 
sippi, it is probable that most of its sediment is carried away by it- 

The transporting power of a marine current is greater than 
that of a river, in consequence of the greater specific gravity of its 
water ; but it has scarcely any of that irregular motion of rapid 
rivers, upon which their transporting power in a great degree 
depends. The force of the current alone, when it reaches the 
bottom, is, however, sufficient to remove every form of loose earthy 
matter. Thus it may be presumed that the Gulf Stream sweeps 
all the sediment &om its bed until it reaches the latitude of Cape 
Hatteras, where the cold waters from the north begin to underlie 
it, and it takes the character of a surface stream. 

But the transporting power of marine currents depends mostly 
upon the depth of water. It is found, by experiment, that ordinary 
river sediment will sink in water about one foot in an hour. A 



eurrent, therefore, of a thousand feet in depth, which moreB a mile 
in an hoar, would carry its sediment a thousand miles. It is obvi- 
ous, then, that there is no part of the bed of the sea which may not 
be receiving sediment. - 

III. The Deposition of Sediment. 

From what has been said of the weight of sediment, it follows 
that it will be deposited whenever the water in which it is 
suspended is at rest. Hence, when a river increases in breadth so 
as to form a lake, the waters at the outlet are seldom turbid. The 
earthy matters with which the principal and tributary streams 
were charged all settle to the bottom, and go to lessen the capacity 
of the reservoir. Thus lakes are continually diminishing in depth 
and area. In many instances, they are already filled with sediment, 
and are thus converted into alluvial plains, through which the 
liver flows in a narrow channel. 

It is frequently the case that a river, as it approaches the sea, 
has so slow a motion that its sediment is deposited on the bed of 
the stream. Thus the bed will be raised, and the banks will also 
be raised, by the deposition of sediment upon them at periods of 
overflow. The river will then be raused above the adjacent coun- 
try. The river Po, for the last part of its course, is from ten to 
twenty feet above the adjacent lands. The same is true of the 
Mississippi, and many other rivers. The streets of New Orleans 
are several feet below the sur&oe of the river. In an uninhabited 
country, such a river would soon seek a new and lower channel ; but 
in a populous country, it becomes a matter of interest and safety to 
confine the river in its old channel, by artificial embankments. 

But the principal part of the sediment of rivers is conveyed to 
the sea. It here mingles with the debris which the waves have 
^rnished, and a part of it is deposited to form deltas. The 
remaining part is taken up by marine currents, mingled with the 
debris which they have furnished, and is spread out on the bed of 
the ocean. 

Of the extent of these depodts we can form no estimate. Those 
of rivers and lakes are comparatively onimpwtant, as they are in 
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the older fbrmatioDS. Some of the delta deposits are already of 
great extent. That of the Ganges contains an area of twenty-six 
thousand square miles, that of the Niger twenty-five thousand, and 
that of the Nile twelve thousand. The delta of the Rhone has 
increased its area by three hundred square miles in the last thou- 
sand years. Th3 Po has encroached upon the Adriatic two thou- 
sand square miles in the last two thousand years, and the Missis- 
sippi has enlarged its delta by one hundred square miles in the last 
hundred years. In the deep valleys of the ocean accumulations 
may be taking place on as large a scale as they ever have been in 
£)rmer times. 

IV. Character of the Formatiom thus produced. 
Sedimentary matter thus deposited would take the form of 
strata. Thus, a delta deposit may receive at one time &om a 
river a layer of coarse gravel and pebbles, and in the course of a 
&w hoars the current may be so reduced that it will convey to 
the same place only fine sand and silt. Or, if a depositing current 
receive its sediment only at intervals, the heaviest particles would 
be thrown down first, and the more finely levigated particles would 
continue to fall, till the water became transparent. Another supply 
would furnish another similar stratum, and so on. The same 
arrangement might result from the sediment being furnished by 
different rivers. Thus, if sediment were furnished to the Gulf 
Stream by the Merrimac river, and the streams emptying into the 
Bay of Fundy, the freshets would occur earlier in the season in 
the Merrimac, and it would furnish a supply of sediment from a 
region of primary rocks. A later supply would come from the red 
sandstone region of Nova Scotia, and the stratification would be 
indicated by the different kinds of rock produced. Thus stratifica- 
tion will result from difference in the color, composition, or size of 
the particles of which rocks consist. A great variety of causes, 
both general and local, may therefore give to a deposit this char- 
acter. Hence, as stratified rocks are produced by the sediment now 
laid down from water, we may conclude that the older stratified 
rocks are the sediment deposited in like manner, in former times. 
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The occarrenoe of layers of different composition, as one way in 
which the stratification is indicated, is produced by local and fre- 
quently recurring causes. There are, however, other alternations 
of much greater extent ; those, for example, nearly twenty in num- 
ber, distinguished by striking differences in lithological character, 
into which the New York system of rocks is divided. These 
alternations have resulted from more general causes. The physical 
geography of a wide region must have been so different, at the 
different periods during which these several formations were 
deposited, as to change, at each period, the kind of sediment fur- 
nished to the forming currents, and modify the types of animal life. 

We have seen that the same causes that determined the strati- 
fied arrangement will determine, the alternations of strata of coarse 
and fine materials. 

It is obvious that the stratification of the marine deports will be 
nearly horizontal. If the surface were very irregular upon which 
the deposition commenced, the irregularity would constantly dimin- 
ish ; for the movement of the water over this surface, however slow, 
would tend to remove the accumulations from the highest points, 
and leave them at the lowest (Fig. 75). Delta and lake deposits 
will, however, dip somewhat, though Fig. 75. 

never at a high angle, towards the 
deep water. In certain situations. 




where a river and a tidal wave, com- 
ing in conflict, cause, in succession, eddies and currents in opposite 
directions, we should expect to find the stratification very irregular 
(Fig. 76) ; sometimes false stratifications (a &), sometimes the strata 
cut off abruptly, and at other times contorted or dipping in opposite 
directions within short distances. 

Wherever sediment is deposited, it will entomb whatever of the 
remains of animal or vegetable life may be mingled with it. They 
will be at once protected against the influence of all the ordinary 
decomposing agencies, and will continue for ages to retain their 
peculiar markings, and even their colors. They will thus constitute, 
in all future time, a record of the present condition of the organio 
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world. T}ie lacustrine depodts oaii contain only fresh-water i^ecies 
of animals, marine deposits only marine animals, while deltas may 
contain the remains of marine life mingled with those whi(^ have 

Kg. 76. 




been Washed down by rivers. The remains of birds, insects, and 
terrestrial animals, may occasionally occur, in eyery kind of deposit. 
Sediment deposited in deep water will never contain fossils in 
abundance, the deep parts of the ocean being almost wholly desti- 
tute of animal or vegetable life. It is only in water of a few 
&thoms that the greater number of species and of individuals 
occur. In all these particulars the deposits now forming sustain a 
dose resemblance to the older formations. 

There are certain formations, as that of the coal, which required 
conditions for their formation different from those of ordinary 
sedimentary deposits. Coal conasts of mineralized vegetable mat- 
ter. Its vegetable origin is proved by the uniform occurrence of 
vegetable fossils almost exclusively in the coal measures. When 
reduced to thin slices and examined under a high magnifying 
power, a structure very similar to the ligneous tissue of existing 
ooni&r» is sometimes found to exist. There are probably vegeta^ 
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ble deposits now taking place not altogether unlike those which 
produced the coal measures. 

We know that many rivers — the Missisdppi, &r example — now 
carry into the sea great quantities of ligneous matter. Before the 
country was inhabited by man, the quantity was undoubtedly much 
greater than it now is. It floats for a time ; but the ligneous tissue 
itself is heavier than water, and as soon as the air is excluded from 
the pores, and they are filled with water, it will sink. The woody 
and earthy matters are swept into the sea together ; but, as they 
sink under diflerent circumstances, they will be deposited separately. 
ThzLS wood may continue to accumulcUe in particular places in 
the sea for long periods, with but little intermixture of earthy 
substances. 

It is, however, to be expected that, in the progress of geological 
changes, the places which at one time receive deposits of wood will 
at another receive detrital matter, and thus the wood wiU become 
deeply buried beneath sedimentary strata. 

Wood thus situated will become converted into ooal. Trees 
which had been covered to considerable depth with earth have 
been found near the Mississippi river changed to lignite, a sub* 
stance resembling charcoal. In this case, the wood had been 
exposed to no greater heat than is common to the crust of the 
earth at the depth where it was found ; and yet it had under^ 
gone this change since the country has been known to Europeans, 
as it retained the marks of the axe when it was discovered. It 
has also been found by experiment that vegetable matter, by long 
submersion in water, passes into the state of lignite. This is the 
first step in the conversion of wood into mineral coal. 

When lignite is exposed to moderate heat and great pressure, it 
Loses the characters of lignite, and becomes mineral coal. This 
is shown by facts observed in Germany, Ireland and Iceland, where 
beds of lignite have been overspread by basalt. The upper por- 
tions of the lignite are changed to mineral coal. The lower por- 
tions, which the heat did not reach, retain the characters of 
lignite. 
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Beds of vegetable matter, witii a great thidmess of rock depos- 
ited above them, woald therefore be sabject to all the conditions 
necessary to convert them into coal, namely, pressore from the 
saperincombent mass, and the heat which the strata uiiformly 
assume at great depths. 

It is not improbable, therefi)re, that coal-beds are now forming, 
and that they have been formed at every geological period since 
an abundant terrestrial vegetation commenced. Accordingly, there 
occurs in Yir^ia an extensive coal-field in the oolite formation. 
Coal-fields also occur in England, of less extent, in the same form- 
ation. In France, and other parts of Europe, there are extensive 
beds of lignite in the tertiary formation. 

We have therefore no difficulty in accounting, in a general way, 
for the formations of the carboniferous period. The vegetables 
were probably less woody than those of the present time of equal 
size, and were therefore more easily prostrated and committed to 
the waters. They grew rapidly in moist ground, and perhaps in 
shoal-water, and required an atmosphere charged with moisture 
and of a high temperature. Thus much is inferred from the con- 
ditions most fo,vorable for the growth of recent species analogous to 
the coal-plants. These recent species are tropical plants, and grow 
in moist insular situations, — conditions which would have existed 
at the carboniferous period, if the present coal-fields were then an 
archipelago dotted with low islands. 

Such being regarded as the origin of the coal-beds, the altemo' 
tiofis of the earthy and carbonaceous strata may be referred, pro- 
visionally, to those great changes in physical geography upon which 
the other alternations of strata on a large scale depend. But the 
regularity with which the coal-seams and sandstone succeed each 
other presents some difficulties which, in the present state of knowl- 
edge, we cannot satis&ctorily account for. 

Beds of salt occur, interstratified with other rocks, in nearly all 
countries. Still, it is not a sedimentary deposit, and its formation 
must depend upon peculiar drcumstances. In New York, saline, 
together with earthy matter, constitutes the Onondaga limestone, 



AQITEOHB CAUSES. 119 

one of tbe formations of the New York system. In Kentucky, the 
strata of rock-salt are in the coal formation ; in England, they are 
in the new red sandstone ; in Spain, they are in the greensand, and 
in Poland they are in tertiary strata. The conditions of its form- 
ation have therefore existed in connection with the deposition of 
every fossiliferous rock. 

It has been shown that the ocean is the principal reservoir of 
the saline matters which are taken up whenever water percolates 
through rocks. It must happen not unfrequently, in the course of 
Bubnuirine elevations, that a basin of sea^water will be cut off &om 
its communication with the sea ; and from this basin the evapora- 
tion might be more rapid than the supply of water. The great 
salt-lake of Utah is undoubtedly a basin of this kind. The Med- 
iterranean Sea is another such basin, not yet wholly separated from 
the ocean. The evaporation exceeds the supply of water ^m the 
rivers, and a powerful stream is therefore continually thrown in 
from the ocean, through the Strait of Gibraltar. The waters of the 
Mediterranean are already more highly charged with salt than 
ordinary sea-water. This sea may ultimately become a saturated 
solution, and begin to deposit salt. But whether it does, or not, it 
indicates the way in which salt-beds may be formed. 

Y. Solidification of Aqaemis Deposits, 

Sediment is generally deposited as a soft mud, but in nearly all 
the older formations it has become solidified. When rocks are 
deposited from a chemical solution, they take at once the solid 
form. Such is the case with rock-salt and with limestone, when 
the material has been held in solution. Solidification takes place 
in nearly the same way when water which holds carbonate of lime 
or oxide of iron in solution filters through beds of sand or gravel. 
The substance held in solution is deposited in the interstices till 
they become filled, and the whole is changed to solid rock. 

Some rocks are composed of such materials that they stt^ like 
hydraulic cement, when they are deposited. Other rocks become 
solid simply by drying. Thus a deposit now forming in Lake 
Superior becomes, by drying, nearly as hard as granite. Soeh a 
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deposit will therefore become solid whenever it shall be elevated 
above the water. 

The pressure to which all but the upper layers are subjected is 
probably sufficient to reduce most rocks to the solid state. Dry 
and pulverized clay is reduced by artificial pressure, for a moment, 
almost to stone. The pressure upon the deep-seated rocks is con- 
stant, and greater than any artificial pressure can be. 

In addition to these causes, all the older rocks have been sub- 
jected to a high temperature, some of them nearly to that of 
fusion. By this means the solidification of every kind of rock 
would be promoted, and probably some may have been reduced by 
it to the solid state, which would otherwise have remained as an 
incoherent mass. 



SECTION V. — AQUEO-GLACIAL ACTION. 

1. Glaciers. — A glacier is a mass of ice occupying the bed 
of a mountain valley, having a slow progressive motion, and 
reaching somewhat lower in the valley than the line of constant 
snow. (Fig. 77.) The Glacier des Bois, which may be regarded 
as a specimen of the Alpine glaciers, covers an area of about seven- 
teen square miles. In its lowest portion, when all its branches 
have become united into one stream, it has an average width of 
half a mile, and is five mOes long. It is estimated that the gla- 
ciers of the Alps cover -an area of fourteen hundred square miles. 
These have been the most care^y studied, though glaciers are 
£)und in the valleys of various other ranges of mountains. 

In the higher valleys, the snow, which fiJls at all seasons of the 
year, accumulates in immense quantities, and the steep mountain 
sides contribute, by frequent avalanches, to this accumulation. The 
snow, when thus increased, does not become a compact, adhesive 
mass ; but, changing into particles of solid ice, it resembles sand 
rather than snow. It is this n^e^ which constitutes the upper part 
of every glacier, and which, in a modified form, oonatitutes the 
lower part. 
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The valleys descend rapidly towards the base of the mountaios; 
and this snow-ice, having no cohesion between lis particles, moves 
sUndy down the slope of the valley, like a very imperfect liquid. 
After descending below the line of perpetual snow, the surface 
will melt during the day ; and the water, sinking into the porous 
mass, becomes frozen, and converts the whole into more or less 
compact ice, yet never into a rigid mass. Influenced by its own 
weight, and by the pressure of the snow-ice behind, it still contin- 
ues its motion, and conforms itself to the shape and curves of the 
valley through which it passes. The average movement per annum 
may lUe stated at about five hundred feet. 

The temperature of the rocky bed of the valley will be a little, 
and but a little, higher than thirty-two degrees. There will there- 
fore be but little melting at the bed of this river of ice. As it 
receives continual accessions from the atmosphere, it will there- 
fore increase in volume till it descends to the level of perpetual 
snow. Below this line the waste exceeds the addition; and as it 
approaches the lower and cultivated portions of the valley, it rap- 
idly diminishes, till it finally loses the solid form, and becomes a 
rivulet. The terminus of the glacier is determined principally by 
the general climate of the country. Any considerable variation 
of climate will cause it to recede, or descend lower down the val- 
ley. The terminus varies, however, somewhat with the seasons, 
being lower in winter than in summer, though the motion is much 
less in the cold season than in the warm ; and it descends many 
rods further some seasons than it does others. 

The glacier consists principally of snow, more or less modified in 
structure ; but it also contains whatever else may have been thrown 
upon its surface, or into the snows by which it is fed. Tributary 
glaciers extend up through all the gorges into which the irregular 
surface of the mountain-top is divided. On these rough peaks 
there are always fragments of rock, varying in size from fine sand 
to masses weighing many tons ; some of them loosened when the 
mountain was upheaved, some by subsequent earthquake vibra- 
tions, and others still by tempests, lightnings, and clmnges of 

11 



123 AQUEOOLACUL ACTION. 

tempemture. When the enow has accnmulated io a oertun 
extent on the steep slopes, it fallB in avalanchea into the valley 
flarrying with it loosened masses of roct, and often breaking off 
large fragmunta from the rocky escarpments agaiuEt which it 
strikes. These avalanches are almost consUntlj deecending, and 
hence a glacier always contains considerable earthy matter dUtrih 
uted through it. 

Kg. 57. 



■ The friction of the glacier, at its edges and along ifa 
urates move or Icm of the rock over which it moves : a 
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there is always a layer of mud and pebbles under the Racier, and 
a line of loose fragments, called a lateral moraine^ at the sides. 
When two gladers unite, the two lateral moraines, thus brought 
together, come to the surface, forming a medial moraine, and show 
the line of junction sometimes for miles. 

The friction of the glacier on the bed of rock, assisted by the 
layer of pebbles, will wear down the prominent portions, and 
everywhere polish the sur&ce. Fragments of rocks may be frozen 
into the glacier at all depths. Thoee which lie near the lower sur- 
&oe of the glaeier would, by slight melting of that surface, project 
downward so as to act as a graver's tool on the rock over which it 
passes. Hence, when the extremity of the glacier hsih receded 
beyond its ordinary limit, the surface of rock exposed is found, 
upon examinaticn, to be polishedi striated^ and occasumally grooved 
an inch or two deep. 

Since the waste is almost wholly superficial, earthy matter, which 
was at first concealed in the mass of the glacier, is continually com- 
ing to view, as the sur&oe melts and runs off. Thus, none of the 
freight of the glacier is left along its course, but all is carried to 
its terminus and discharged there. Hence, at the lower extremity 
of the glacier there is always an embankment of earth, pebbles, 
and boulders. If the glacier recedes a few yards at one season of 
the year, and leaves its earthy fragments scattered over this surface, 
they will be pushed forward into a ridge, as the glacier again 
advances. This ridge is called a terminal moraijie, and consists 
wholly of substances which have been separated from the mountain 
mass, often at the highest beginnings of the glacier. At the ter- 
minus of all the Alpine glaciers, there is a series of these moraines 
(a a a. Fig. 77) marking the successive limits of the glacier in 
former times. 

There is a ridge of boulders on the .north side of the Swiss val- 
ley, near the base of the Jura Mountains, resembling a terminal 
moraine. These boulders consist of several groups, distinguished 
by peculiarities of structure and composition ; and each group lies 
opposite to the particular Alpine valley which now furnishes the 
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same kind of fragments. It has been thought that, at a former 
period of more severe climate, the Swiss valley was filled in part 
with ice, and that the present glaciers extended across it to the 
Jura Mountains. 

It is found that the polished and striated surfaces of the rocks 
in the Alpine valleys are precisely like the sur&oe of the rock, 
which has not been exposed to atmospheric influenoes, in the 
north of Europe and America. It has been proposed to extend 
the glacier theory, and account for these phenomena by supposing 
that the north polar regions were, at the ice period, capped with 
a glacier-mass, extending as &r south as the drift phenomena 
appear. 

It is not to be doubted that the phenomena of polished surfaces 
and transported materials in the immediate vicinity of the Alps, 
and near other high mountains, are correctly referred to glacial 
action. This theory has therefore solved, in part, one of the most 
difl&cult problems in geology; but there is great difficulty in 
extending it so as to account for the drift phenomena in general. 
If the motion depends upon gravitation only, the origin must have 
a much greater elevation than the terminus, which would not be 
the case in the great glacier supposed to extend southward from 
the Arctic regions. Elevation of temperature, it has been thou^t, 
might account for the movement of the mass southward. 

2. Icebergs. — In very high latitudes, the ice, which makes out 
from the land into the sea during the cold season, suffers but little 
waste at any time. This sheet of ice continues to increase in 
breadth and thickness, by congelation, from year to year. The 
spray and the snows of each succeeding year will also add to the 
mass. It thus accumulates to the height of several hundred 
yards. It will also reach down a good many feet below the surfiice 
of the sea, and will extend back on the land, or lie heaped up 
against a precipitous escarpment, and firmly frozen to it. 

After a certain amount of extension over the sea, the aocumu- 
lated weight of the ice and snow would tend to depress it, and 
break it loose from the shore. The waves would tend to the same 
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■ lesnlt, and would act at greater meohanic&l advantage, as its exten- 
fflon irom the shore beoomea greater. Hence, it would ultimately 
become separated from, the shore, and float in the water. 

At its oommencement, the earth, pebbles and rooks, which may 
lie along the ahore, and as &r down into the Bea as the oongela- 
&m extends, are finzen into it. In many situations its mass would 
be increased by aTaianches while it remained attached to the land, 
and these would supply also uinsseii of earth and rocks, as they do to 
glaciers. When it becomes loosened from the shore, it will break 
off, and carry with it soni6 of the earthy portjons of the coast, or 
the leas firmly fixed masses of rock from the escarpment against 
which it fbrmed. Thus every iceberg becomes freighted, more 
or less, with earth and rocks. This has almost nnifbrmly been 
found to be the case, when they have been landed upon by ships' 
crews and examined. 

We have seen that the general tendency of the waters of the 
ocean, and of the lower stratum of the atmosphere, is to a motion 
from the poles towards the equator. However irregular, there- 
fore, the course of an iceberg may be, its general movement, influ- 
enced both by tbf prevailing winds and by ocean currents, will be 
towards the equator. 

l^ese floating ice-mountains (Fig. 78] are formed in great num- 
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bert, and of vast dze. The relatdvo specific gravity of ice and 
water are such that nine oubio feet of ice, bebw the snr&ce of 
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water, will support one cobio foot above it. As icebergs are often 
one or two hundred feet bigb, their vertical depth must be a thou- 
sand feet at least ; and their area is equal to a square mile, and 
sometimes it is much greater. In 1840, the United States Explor- 
ing Expedition, in the extreme southern ocean, coasted fi)r eighty 
miles along a single iceberg. They are never absent firom the 
polar seas ; and at certain seasoas they are so abundant along the 
usual course of vessels from New York to Liverpool, as greatly 
to obstruct and endanger navigation. 

An iceberg may continue for some time to increase in size, while 
floating in the polar seas, but will at length reach a latitude where 
the waste will exceed the additicms, in consequence of the tempera- 
ture both of the air and of the water. It will, therefore, drop 
gradually the earthy matters which it contains, upon the bed of 
the ocean. 

It is not improbable that icebergs may often reach down so far 
as to strike the highest .points of the bed of the sea. The ice 
would be lifted, and glide over the elevation, without suffering any 
perceptible deviation from its general course. It would thus affect 
the surface of rocks exactly like a glacier. I^^l^^^^^^* ^® ^^' 
berg becomes permanently stranded, and melts in one plaxse, ite 
earthy matters will be thrown down upon the elevation which first 
arrested it. 

If the bed of the sea, between the fortieth and sixtieth degrees 
of latitude, could be exposed for examination, the rocky sur&ce 
would be found to be polished and striated by the icebergs which 
have passed over it, and the whole surface would be strewed with 
boulders and drifted materials brought from Arctic and Antarctic 
lands. Sometimes it would be accumulated in heaps, and some- 
times spread nearly over the surface. 

We have seen that very recently, probably about the close of the 
tertiary period, the portion of Europe and America over which the 
northern drift is found, has been depressed several hundred feet. 
It may be presumed that at that time icebergs floated over it, pol- 
ished the surface of the rocks, and distributed the boulders and 
other drift which is now found upon it. 
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SECTION TI. — IQNBOUS CAUSES. 

I. Of the Temperature of the Mass of the Earth. — Heat has 
been the most efficient agent in determining and modifying the 
structure of the earth ; and, in order that the explanations of the 
phenomena referable to this cause may be intelligible, some idea 
must be formed of the actual present condition of the mass of the 
earth with respect to heat. 

At any point of the surface there are variations of temperature, 
depending on external causes. But these variations are found to 
extend only a little way below the surface, — never more than a 
hundred feet. At greater depths, it is found that the temperature 
invariably increases with the depth. Deep mines have always a 
temperature above the mean annual temperature at the surface. 
The water obtained by deep boring is always tepid when it comes 
to the surface. The thermal springs, so abundant in this country 
and in Europe, are so situated as to justify the impression that 
their waters come from great depths. To make these general 
observations of any value, we must determine the law by which 
ihe temperature increases. The result of all the observations yet 
made, in mines and upon wells and springs, is that, below the first 
hundred feet, the temperature increases by one degree of Fahren- 
heit's scale for every forty-five feet. 

Begarding this law of increment as applicable to all depths, at 
ten miles below the surface we should have a temperature above 
that produced by the combustion of wood; and at twenty-five 
miles, a temperature of three thousand degrees, by which nearly 
all mineral substances would be reduced to a state of fusion. 

The general conclusion of a temperature sufficient to melt the 
mineral substances of which rocks are composed, at no considerable 
distance below the surface, is confirmed by the fact that portions of 
ihe interior of the earth — at least, at the volcanic centres — are in 
a melted state. The intimate connection between some volcanoes 
situated a hundred miles or more apart, so that they are alternatelj 
in a state of activitj and rest, indicates that these centres are con- 
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nected, — that subterranean melted lava extends from one to the 
other, so that when one is active, the elastic force is relieved at 
the other. These deep-seatod lakes of lava must therefore under- 
lie large areas. 

We are justified, then, in concluding that the mass of the earthy 
with the exception of a comparatively thin superficial layer, has a 
very high temperature. 

By way of accounting for this temperature, it is now generally 
assumed that the earth was originally in a state of fusion ; that it 
was a mass of liquid lava (if, indeed, it had not a temperature suf- 
ficient to reduce it to the aeriform state). Starting with this 
assumption, there must necessarily be a gradual reduction of tem- 
perature by radiation, and a time must arrive when the surface 
would be crusted over with solidified lava ; and this crust would 
increase in thickness as the cooling advanced, the interior still 
retaining its heat and liquidity. The present condition of the crust 
of the earth, its form, that of an oblate spheroid, with the exact 
difierence of the equatorial and polar diameters which is ibund to 
exist, as well as the phenomena of volcanic eruptions, will all 
admit of explanation on this hypothesis. 

It has, however, been rejected by some ; and, to account for the 
heat of the interior of the earth, it is suggested that, if the bases • 
of^he earths and alkalies, particularly potassium, sodium and cal- 
cium, exist in their metallic state beneath the surface, the rapid 
oxidation of them by the access of water would generate heat of 
sufficient intensity to melt the oxidized materials, and thus account 
for the phenomena attributable to heat. 

Either of these hypotheses may be adopted ; but it is not neces- 
sary to account at all for the existence of this temperature. The 
fact is susceptible of proof; and, though we may not be able to 
frame any hypothesis to account for its existence, we may yet 
employ the fact in the explanation of other phenomena. 

II. The Action of Internal Heat in producing Volcanoes. 

The phenomena of volcanoes and earthquakes are evidently pro- 
duced by some force operating from below. The effect of heat 
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alone would be to reduce the rock to a liquid state. There is no 
reason to suppose that it is ever sufficient to reduce them to the 
aeriform state. The elastic force must therefore depend upon 
some other substance associated with the lava, and this substance 
is water. 

This will be shown by an examination of lavas. At the time 
of their ejection, they are in a fluid or semi-fluid state; but it is not 
a complete fusion. Even the most fluid lavas contain particles of 
minerals in a solid state. The liquidity depends upon the fusion 
of the more fusible portions, and upon the steam of water at a 
high temperature, which fills the interstices between the solid par- 
tides. The porous character of. coded lavas is produced by the 
steam which filled the cavities previous to solidification. Steam 
always escapes from the surface of a lava current while it is cool- 
ing, and it is always discharged in immense volumes from the 
orifice of eruption, in connection with the lava, and especially at 
the dose of an eruption. 

The geographical position of volcanoes, also, leads to the con- 
dusbn that water is essential to their activity. There are five 
principal lines of volcanic activity. One, oommendng at the 
southern extremity of South America, extends northward along 
the Andes and Cordilleras to California or Oregon. The second 
has a north-east and south-west direction, from the Aleutian 
Islands through the Kurule, Japanese, and Philippine islands, 
till it meets the third line, lying in a nearly east and west direction, 
embracing Sumatra, Java, and i&ost of the Pacific volcanic islands. 
A fourth band commences in the Grecian islands, and extends 
westward so as to include the volcanoes of Italy and the adjacent 
islands, and the Azores. The fifth band embraces the volcanic 
islands of the West Indies, crosses Mexico in abost the latitude 
of the city of Mexico, and extends into the Pacific. There are 
also some isolated centres of volcanic activity, such as Iceland. 
These volcanic bands embrace about three hundred volcanoes. It 
will be seen that they must nearly all be in close proximity to the 
ocean, or to large seas. About two-thirds of them are on islands. 
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Moreover, the volcanio vents which are whoUy subnudrine are 
probably veiy numerous. 

This circumstance of the position of volcanoes establishes a pre- 
sumption that thej cannot exist at a distance from some large 
body of water ; and, taking it in connection with the constant 
presence of aqueous vapor in lava, we are justified in the conclu- 
sion that the presence of water is an essential condition of volcamc 
activity. 

Knowing that heat and water exist at the volcanic centres^ it is 
not difficult to form an idea of their mode of operation. The 
water, diffused through the interstices of the lava, and subjected to 
a temperature sufficient to melt the lava, would possess an elastic 
power, which, though never computed, we may well suppose capa- 
ble of overcoming any resistance which the crust of the earth 
might present. The repressing force will be the tenacity and 
weight of the superincumbent strata. Whenever the elasticity is 
superior to this repressing force, it will manifest itself in the frac- 
ture of the strata, and often in the ejection of lava to the sur&oe. 

This fracturing of the strata, produced by an uplifting subter- 
ranean force, is believed to be the cause of the noise and the vibra- 
tory motion which are the chief phenomena of earthquakes. The 
elastic force may raise lava to the surfiu^e, and thus the fracture 
would become a volcano. But the force may expend itself by the 
discharge of vapor into the fissure, or by merely filling it with 
lava. In either case, the only evidence of the existence of the 
volcanic force would be the noise Und the wave-like motion expe- 
rienced at the sur&ce. The cause of the volcano and earthquake 
is therefore the same, though the phenomena which characterise 
them are different. 

When the strata are is thus fractured, lava may for a time be 
discharged along the whole line. By the cooling of lava in the 
fracture, it would become partially reunited. Still, this would 
be the line of least lesistance. It would therefore be again burst 
through in oertun places, which would long continue to be orifices 
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of discharge, and thus the ori^nal fracture would determine a liTie 
of volcanic activity. 

The repressing ferce may become greater at an orifice of erup- 
tion than at ;9ome other point, either bj the great accumulation of 
ejected materials around the opening, or by the dormancy of the 
volcano long enough &r the complete solidification of the lava 
with which the channel was filled. The least resistance may then 
be far from any previous vent, when a new orifice of discharge 
will be opened, and a new volcano make its appearan/ce. It 
seems probable, also, that volcanoes may become extinct by the 
reduction of temperature at the volcanic centre, and that new vol- 
canic centres may be formed; but the cause of this change of tem- 
perature is not yet well understood. New volcanoes have broken 
out in the sea, near Iceland, in several instances ; others in the 
volcanic line east of Asia. Graham Island, ^tuated between Sic- 
ily and Afirica, was formed by an eruption which broke out in the 
bed of the sea where the soundings were more than one hundred 
&thoms. The island was at one time two hundred feet above the 
sea, and three miles in circumference. It was, however, gradually 
destroyed by the action of the waves, and now remains a danger- 
ous reef, covered by less than two fiithoms water. The volcano 
of Jorullo, in Mexico, was formed in this way. Previous to the 
formation of the mountain, the region where it now is was a culti- 
vated table-land. During the year 1759 volcanic action com- 
menced and continued, until, at the expiration of twelve months, a 
cone had been formed having an elevation of sixteen hundred feet 
above the adjacent plain. 

An orifice of eruption is at first but little elevated above the 
general surface; but, by the' accumulation of ejected matter, a cone 
is at length formed around the vent. The upper portion of a cone 
always consists of these materials, but there may also be in pro- 
gress a general elevation of that part of the earth's crust, and the 
cone will partake of t&at general elevation. The cones of the 
Andes owe their height, in a great measure, to a general movement 
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of devation ; those of ^tiia and VoBuviiu, in a. greater degree, to 
accumulation of ejected matter. 

In either way, the height may become so great that the foroe 
aeoBBBaxj to raise a colamn of lava to the top would be gre^«r 
than the sides of the cone, weakened as they always are by lnu>- 
tures in all diroctjons, can suetidn. Hence, tbe highest craters of 
.£tna and South America have long been oloeed, and the lava 
eacapcB through fissure* at a lower level, and lateral cones are 
produced. 

The form which the materials have, when ejected from volca- 
Doee, depends mainly upon tlie degree of liquidity of tJie lavas at 
tlie volcanic fod. If the liquidity is very perfect, the aqueous 
Tt^Kir will readily rise tlirongh the lava. The steam thus sepa- 
lated will drive before it whatever rodcs, or previous lavas, may 
obstruct it. In their progress they would be reduoed to sand and 
powder, and ejected as volcanic cmdert. (Fig. 79.) If the lava 
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possess couddeiable viscidity, tlie aqaeons vapor will separate with 
more difficulty, and the lava and vapor will ascend the channel 
together. Large bubbles of vapor will, however, collect with 
more or less of frequency ; and, as they rise through the lava, 
will drive forward a portion of it, and cause the overflow to take 
plooe by pulsations. As the bobbles reach the sur&oe, their buret- 
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iDg ottQses th6 bud reports, whidi axe compared to the diaehargB 
of heavy artillery. With each eo^losioii some of the lava will be 
projected violently into the air, and, cooling, will &11 to the sur- 
fice as scoriee, — or, if the lava be hi^y vitreous, it will be 
drawn out into fibres, and descend as vdcanic glass. 

III. Geological Pkejwmena referable to Volcanic Action. 

Volcanic agency has probably never been less than it is now, and 
we ought therefore to find its effects very general and important. 

1. The most obvious of these effects are the fractures with 
which the crust of the earth is everywhere intersected. The 
upliftmg force npon which all volcanic phenomena depend would 
necessarily fracture the crust, and the wave-like motion resulting 
fimn the fracture would cause numerous secondary fractures, hay- 
ing a parallel direclion. They are often of such extent, durmg 
earthquakes, as to endanger life. During the great earthquake at 
Lisbon, in 1755, a fracture opened of sufficient width to swallow 
i^ the quay, and several thousands of persons who had fled there 
for safety. The chasm remained permanently open to the depth 
of mx hundred feet. The earthquakes with which the valley of 
the Mississippi was visited in 1811 so often fissured the surfiice, 
that the inhabitants protected themselves by clinging to the trunks 
of trees, which they felled transversely to the direction of thA 
fissures. 

The first fracture which is produced by the upheaving force will 
open upwards, and scarcely reach down to the seat of the force. 
But there will be other parallel fractures, dependent upon the first, 
and qpemng downward. Thus, the primary fracture at a (Fig. 80) 
will be at onoe followed by the fracture ^^ go. 

6f opening toward the lava, which will ,^p£$<^ i 
be injected into it, and which, on cool- 
ing, will form a dike. Their forma- 
tion is mostly concealed from observa- 
tion, but not always. Duriug the eruption of i^tna, in 1669, 
numerous fissures opened, one of which was six feet wide and 
twelve miles in length ; and the light emitted from it indicated 
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tliat it was filled with Ian to near ^e nu&oe. The prooeai ms 
u perfectly saen as &om die natuie of the case it could be. 

2. The converraon of the lower sedimentaiy strata into tiuta- 
morphie rocks has hem efieoted by volcanic heat. Ilie material 
of which dikes ooDsist has been injected ia a highly-heated state ; 
and, by obeetring the effect which they have had upon the adjacent 
looka, we may judge of (he effect which subterranean heat must 
have upon the lower mechanical strata. Wherever the dikes are 
of confflderable thickneffl, they have converted the adjacent shales 
into primary slate, the sandstones into quarts rock, and the daric 
and friable limestones into gmnnlar marUe, and destn^ed the 
organio impresMong. In the southern extremity of Norway there 
is a district in which granito protrudes in a large mass throogfa 
ibsBiliferoDS strata. These strata are invariably altered to a dis- 
taaoe of from fifty to feur hundred yards from the granite. Hie 
ahalee have become fiinty, and resemble jasper; and near the 
granite they contain hornblende. The mliceous matter of the 
ehales has beoome quarts rock, whioh sometimes oont^os hom- 
Uende and mica, and therefore constitutes a kind of gnnite. Hie 
limestone, which at pcunts remote from the injected rock ia an 
earthy, blue, coralline limestone, has become a white, granular 
marble, near the granite, and the corals are obliterated. The 
altered shales and limestones in many places contain gameta, ores 
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of iron, lead, &c. The annezed (Elg. 81) is a pbn of this graoita 
and altered rook. 
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One of the moet instraotiTe examples of metamorpluc action in 
this country is feund in the White Mountains of New Hampshire. 
These mountains have, till recently, been thought to consist prin- 
cipally of granite ; but it is now ascertained that this supposed 
granite is an altered rock of the Silurian period. It is represented 
as " intersected by veins of felspathic granite ; and the general 
mass is itself in many parts converted into a near approximation 
to a binary granite, composed of distinctly developed quartz and 
white felspar, with a few sparsely scattered specks of mica. In 
its weathered eaifaoea it wears a dose resemblance to some fine- 
grained granites; but, upon inspecting a fresh iracture with a 
magnifier, we instantly perceive many rounded grains of quartasoee 
sand, and the felspar is imperfectly formed, though the mica has 
more nearly reached the condition which it has in granite. In 
some of the coarse varieties of this white rock, small rounded peb- 
bles of quartz are to be seen, giving unequivocal evidence, even to 
the naked eye, of its being an altered sandstone. We feel no hes- 
itation in deciding it to have been a silico-argillaceous white sand- 
stone, now almost granitized by extensive metamorphic action." 

Similar illustrations, on a small scale, may be seen in every 
country where the strata have been cut through by intrusive dikes. 
Sir James Hall has shown the same by actual experiment. He 
exposed pulverized chalk to heat sufficient to melt it, and under 
sufficient pressure to prevent the escape of the carbonic acid. 
AHer cooling, the chalk was fi)und to have taken the form of crys- 
tallized limestone. But instances enough have been given to show 
what changes should be looked fi>r wherever the sedimentary rooks 
have been exposed to a high temperature. 

The lower strata must have been exposed, for long periods of 
time, to soch a temperature. We do not know at what depth 
below the surfiioe of the earth the rocks become liquid ; but above 
the line of actual fasion there must be a mass of rock not melted, 
yet scarcely retaining tlie solid fi)rm. For a great thickness, per- 
haps fi)r several miles, it would be in a more or less yielding state. 
As there is not actual fusion, the stratification is not destroyed} 
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bat saoh a degree of mobility among the particles exists, that some 
degree of crystallization takes place, and the elastic fcnrces below 
easily bend, throw into folds, compress, and in every way contort 
these strata. At the same time, any organic matters which they 
may contain are decomposed, and the impressions of them are 
oUit^rated. And sach is the condition in which the metamorphic 
strata are actually fi)and. 

3. Demidation is, in a great measore, dependent on volcanic 
action. It results &om the billowy motion peculiar to the earth- 
quake. !Ihis is not comply a violent horizontal motion, but an 
equally violent vertical one. It is a series of waves, — a succes- 
sion of alternate elevations and depressions of the solid crust. 
The height of these waves can only be judged of by their effects ; 
but Jt is difficult to account for some of these efiPects, without sup- 
posing the waves to have been several yards in height, and their 
velocity, in the few instances in which the time has been accu- 
rately determined, was twenty miles a minute. 

That such earthquake waves actually exist there can be no doubt. 
During the earthquake in OaJabria, in 1783, the flagstones in 
many of the towns were lified &om their places and thrown down 
inverted, and trees bent so that their tops touched the ground. 
During the great earthquake in Chili, in 1835, the walls of houses, 
which were parallel to the line of oscillation, were thrown down, 
while those that were at right angles to it, though greatly frac- 
tured, were often left standing. Wherever careful observations 
have been made, during and after severe earthquakes, analo- 
gous facts have been noticed. Persons are generally affected with 
sea-sickness. The sea is violently agitated. It often retires to 
an unusual distance, and then returns upon the shore with most 
destructive waves. Incredible, therefore, as it may seem, that the 
solid crust of the earth should be thrown into such wave*like undu- 
lations, the &ct is well established. 

^With a velocity of twenty miles an hour, the successive waves 
may be some miles apart, and yet be sufiBdent to account fbr all 
the phenomena. It is evident, there&re, that the curvature of tbe 
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wave will be very slight, and yet enough to break into fragments 
all the rocks thus curved. During the earthquake in Chili, 
before referred to, " the ground was fissured, in many parts, in 
north and south lines. Some of the fissures near the diffii were a 
yard wide. Many enormous masses had fallen on the beach. The 
effect of the vibrations on the hard primary slates was still more 
curious. The superficial parts of some narrow ridges were as 
completely shivered as if they had been blasted by gunpowder." 
Similar phenomena seem everywhere to be exhibited by earth- 
quakes. 

It may be presumed that almost all parts of the earth have, at 
different periods, been subject to these earthquake waves. Accord- 
ingly, we find that the crust of the earth is nowhere in an entire 
state, but is divided by irregular lines into comparatively small 
fragments. By this means, the deep fissures produced by fractures 
opening upwards would be filled with fragments of rock shattered 
from the uplifted edges. In this way the boulder masses were 
originally loosened &om their parent beds, and exposed to the 
action of ice, or any other transporting agencies. In the same 
way the rocky bed of the ocean is, to a considerable depth, reduced 
to a disintegrated mass. In this condition, it will be rapidly 
removed by marine currents, more or less broken, worn and com- 
minuted, by the movement, and deported elsewhere. The materi- 
als have thus been furnished for a very large proportion of the 
sedimentary rocks, and especially of those which are composed of 
distinct fragments of other rocks. By this means, also, wherever 
the rock formations come to the surface, they are so broken that 
limestone, sandstone or granite, suitable for architectural purposes, 
is seldom found, except at considerable depths. This fragmentary 
condition of the sur&ce rock is such as exposes it to be acted upon 
readily by any powerfully abrading causes, or to be more rapidly 
disintegrated by atmospheric and aqueous causes. 

4. We have already assumed that one principal division of rocks 
— the unstratified — is of igneous origin. We have the proof 
of actual observation, that lavas, and the aooompanying tufas and 
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grits, are volcanio prodacts. The peculiarities of tihese products, 
in situation, structure, and iibnn, and in the imbedded minerals, 
are so great, that whenever we find these peculiarities in the rocks 
of a country not now volcanic, we still regard these rocks as of 
volcanio ori^. We thus have lavas, as well as stratified rocks, 
of different ages. There has probably been no time in the earth's 
histoiy when they have not been forming. 

The trappean rocks are also of igneous origin. It is evident, 
ftom their occurring in* the form of dikes, that they have been in 
a melted state. As they rest upon rocks of a sedimentary origin, 
they must have been thrown up by volcanic forces. Yet they dif- 
fer ftom ordinary lavas. They are not vesicular in their struc- 
ture, are more crystalline, and there is in no case evidence that 
they have flowed from craters. If we regard them as the lavas of 
submarine volcanoes, we shall have conditions which will account 
fi>r all their peculiarities. At a certain depth the pressure of the 
water would be sufficient to prevent the formation and escape of 
vapor, and therefore the lavas thus ejected would not be vesicular. 
As the rapid cooling of lavas depends, in a great degree, upon the 
escape of watery vapor, submarine lavas would cool slowly, in con- 
sequence of the pressure. The liquidity depending in part upon 
the retention of the heat, and in part upon the retention of the 
aqueous vapor, they would consequently remain in a liquid state 
much longer than the lavas of sub-aerial volcanoes. They would 
therefi}re take a more highly crystalline form. All the loose 
materials thrown out during the eruption would be removed by 
oceanic currents, and hence no cone would be built up around the 
orifice of eruption. We may therefore regard the trappean rocks 
as the lavas of submarine volcanoes. The present volcanoes of 
this kind are necessarily producing the same kind of rocks, though 
there will be no other proof that they exist, except the existence 
of the volcano, till the bed of the sea becomes dry land. 

The* granitic rocks are also the product of igneous causes. 
Granite \& the most abundant of these crystalline rocks ; and the 
others, such as crystallind limestone, are so intimately associated 
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with granite that they most have had the same origin. Gran- 
ite is everywhere found to send oflf dikes into the overlying rocks, 
and must therefore have heen in a state of ^jsion ; that is, it must 
have existed as lava beneath the surface. It is obvious that fluid 
lava always exists in great quantity beneath areas of energetio 
volcanic activity. 

Portions of this lava must in succession take the solid £>rm. 
Wherever the surface is elevated along a line of fracture, the lava 
which is accumulated beneath rises above the level of the general 
reservoir of lava, and will therefore part with its heat more rapidly. 
On cooling, it becomes the granitic nucleus of the mountain. We 
ought also to suppose that, by the extremely slow process of the 
transmission of heat to the surface, the crust of the earth is ev^- 
where increasing in thickness ; that is, the upper portion of the 
great lava mass is soHdifying. 

Sir James Hall haa shown, by experiment, that earthy sub- 
stances, reduced to a state of fusion, beccmie more highly crystal- 
line as they are allowed to oool more sbwly, and are subjected to 
greater pressure. It is difficult to conceive of these conditions 
existing in a higher degree than they do in the cooling masses of 
lava below the stratified rocks. These lavas must therefore take the 
highly crystalline form which tiie granitic rocks are found to have. 

All the igneous rocks have therefore existed as subterranean 
lavas. The volcanic rocks have become vitreous, the granitic are 
crystalline, and the trappean are intermediate in structure, eo- 
inoidii^ with the ciroumatanoes of pressure and rate of cooling 
under which they have severally been formed. 

5. The Elevation of Mountains is another result of volcanic 
action. The height of mountains depends, in part, upon general 
elevation. Yet there is a diffisrent action, upon which the exist- 
ence of the mountain, as such, depends. Whenever igneous action 
becomes intense under any portion of the eartii*s sur&ce, and the 
elastic force greater than the repressive, the solid crust will be 
broken and raised up, and along this line of fracture the lava will 
rise above its general level elsewhere. This lava, thus lifted out of 
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the general mass, in time solidifies, and fyrmB tibie nuclens of a 
mountain. At suooessiye periods the eleyating force is renewed, 
and adds somewh&t to the mountain mass before supplied. In this 
way the mountain is ultimately fermed. 

So &r as observations have been nnade, Uie elevation of moun- 
tains seems not to be gradual, but spasmodic ; and yet the elevating 
force probably accumulates constantly and uniformly. The repress- 
ing force consists of the weight of the strata above, which may be 
regarded as constant, and their strength, which is variable. When 
the elevating force becomes greater than both the repressing forces, 
the crust is fractured. The strength of the strata then becomes 
nothing, and the repressing force is the weight alone. The elastie 
mass below at once expands, and the requisite space is Bimished by 
the uplifting of the strata along the line of fracture. As the ridge 
of lava which fills this additional space cools, it recloses, in part, 
the origuial fracture, and the repressing force again consists of the 
two elements, — weight and strength. There will therefore be no 
fiirther elevation till the elevating force is again superior to these 
two forces. Thus the elevating force, though it may accumulate 
at a uniform rate, will manifest itself only at considerable intervals. 

As the accumulation of lava along the line of fracture is the 
cause of the upheaval, every mountain must have a central gran- 
itic axis. Sometimes this granitic mass is pudied up through the 
fissure, as in the case of Mont Blanc. At other times, the stratified 
rock, which formed the original sur&ce, is carried up so as to form 
the surfoce rock nearly to the top. In either case, the strata are 
lifted along the line of fracture, and left in an iruHiyied position. 
In this position the older rocks are always found, wherever there 
has been any considerable amount of igneous disturbance. 

In some instances, the additbnal space required by the expan- 
edon of the igneous mass below is ftunished, not by the uplifting 
of the strata, but by thdr compression into folds between two lines 
of upheaval. The igneous rock is elevated but little above the 
stratified through which it had burst ; but the stratified rocks have 
taken the undulatory form, and the widening of the igneous mass 
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along the lines of fracture has compressed the nndtdations, until 
the planes of the strata hate became vertical. Fig. 82 will gtve 
an idea of the suocessiye changes by which the vertical position of 
the strata has been produced. 

Sig. 82. 
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The force by which mountains are elevated being the elasticity of 
the vapor diffused through the subjacent lava, it may happen, if the 
lava have a high degree of fluidity, that this vapor will collect in large 
masses, and rise as far as the lava is in a fluid state. The irregular 
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flow of lava from craters daring an eruption is undoabtedly due 
to the rapid ascent of such steam bubbles through the laya. Such 
an accumolaticm of vapor under a mountain mass, if it cannot 
escape, would support it as long as the t^nperature remained 
unchanged. But, upon a reduction of temperature, the mass which 
had been upheaved by it would be unsupported, and liable at any 
time to sink. Instances of subsidence on a comparatively small 
scale will admit of explanation in this way. Papandayang, one 
of the loftiest volcanic mountains of Java, sunk down four thousand 
feet in the year 1772. The area engulfed was sixteen miles long 
and six broad. The crater of Ejlauea, in one of the Sandwich 
Islands, was evidently formed in this way. It is situated on the 
side of a mountain, and consists of a chasm eight miles in cir- 
cumference and a thousand feet in depth. Liquid lava can always 
be seen boiling in the small craters at the bottom ; and at times it 
rises so as to overflow them, and fill the chasm to within four hundred 
feet of the top, when lateral subterranean passages are opened, by 
which it is discharged. The same explanation — a depres^on of 
the central portion — may be given of the formation of the large 
craters in the Canary and Grecian islands. It is also probable that 
Lake Avemus and others, in Italy, and some in Germany, have 
had a similar origin. 

The subsidence of Papandayang is of importance as a historical 
fact ; and it is not at fdl unreasonable to suppose that larger chasms 
of great depth were also sudden subsidences of a similar character. 
Lake Superior has a depth considerably greater than the elevation 
of its surface above the level of the sea. The bottom of the Dead 
Sea is two thousand six hundred feet below the surface of the 
Mediterranean. And at one place in the Atlantic Ocean a sound- 
ing was attempted with more than six miles of line, without reach- 
ing bottom. These sunken areas, however, though of great extent, 
occupy only an insignificant portion of the entire surface of the 
earth. 

6. Thfi Ovation of Continents. — The causes of change of 
level which have been ^ven will not explain those sloto vertical 
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maoeTnenis whidi are now taking place inOreeoland and the north 
of Europe, or those bj which the present continents have been 
elevated and the bed of the sea depreiijsed. Any cause which will 
account for these movements must be one operating for long 
periods, under large areas, and with great uni&nnity.' 

The cause which fulfils all these conditions most satisfactorily is 
a variation of temperature in the mass of rock underlying the 
portion of the surface whose level is changing. It has before been 
shown that the temperature increases as we descend below the sur- 
face ; but there is also reason to suppose that it undergoes great 
variations. The volcanic grits interstratified with the silurian 
rocks of England show that at the silurian period volcanic fires 
were active below that portion of the surface. When the early 
fossiliferous rocks of this country were deposited, the All^hany 
Mountains had not been elevated ; but before the tertiary period 
they had taken nearly their present form. Some portion of the 
intermediate period was therefore one of volcanic upheaval. The 
trappean rocks are also evidence of intense volcanic action existing 
here. France, during the tertiary period, was a highly volcanic 
ooimtry ; but all volcanic activity has now subsided. The Andes 
have been mostly elevated since the tertiary period, and are still 
ri^ng. It is evident, then, that at difiPerent periods volcanic heat 
may vary from its highest to its least degree of activity, below 
any portion of the earth's surface. 

This variation of temperature must be followed by variation of 
volume of the earth's crust; that is, it must produce expansion or 
coTitraction. Experiments have been made, under the direction of 
the United States government, to determine the expansion of the 
several kinds of rock used in our public works. It was fi>und that 
granite expands nearly one two hundred thousandth of its length 
for every degree of increased temperature, limestone somewhat 
more than that, and sandstone about twice as much. Taking the 
expansion of the granite as the basis of calculation, and supposing 
the crust for a hundred miles in thickness to be undergoing change 
of temperature, there would be a resulting diflference of level 
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exceeding two and a half feet &r each degree of change in temper- 
ature, or more than two thousand five hundred feet for a change of 
one thousand degrees. 

This calculation is made upon the supposition that the law of 
expansion is the same for all temperatures, and that no new con- 
ditions are introduced at high temperatures by the presence of 
aqtleous particles. We know, however, that solids expand more 
rapidly at high temperatures than at low, and the elasticity of 
aqueous vapor at high temperatures must increase the rate of 
expansion of the rock through which it is diffused. Although we 
are not able to introduce, numerically, the effect of these two cir- 
cumstances, yet it is obvious that they must be considerable. 

The mean elevation of land above the level of the sea is about 
nine hundred feet, the mountain masses above that level not being 
included ; and the estimated mean depth of the ocean, not includ- 
ing its chasms, does not exceed two thousand six hundred feet 
The total elevation of the continental masses, for which it is neces- 
sary to account, does not therefore exceed three thousand five hun- 
dred feet. This amount of vertical movement may evidently be 
produced by the expansion and contraction resulting from changes 
of temperature. 

These changes of level must, however, be very gradual. Any 
diminution of temperature must result from the transfer of heat to 
the surface ; and the conducting power of rocks is very imperfect. 
The lava in a crater is often so cooled on the surface*that it can be 
walked on, while but a few feet below it is still liquid. Lava cur- 
rents continue in gradual motion long aHer the surface is nearly 
cold. This was the case with one of the currents from ^tna for 
more than nine months after its eruption, and with another for 
ten years. Humboldt visited Jorullo forty years after it was 
throwu up, when the lava around the mountain was still in a 
heated state, the temperature in the fissures being on the decrease 
from year to year ; but twenty years after its ejection the heat 
was still sufficient to light a cigar at the depth of a few inches. 
If 80 long a period is insufficient to solidify a comparatively small 
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qitantily of melted rock when the drciuustanoes for cooling are 
most favorable, we may well suppose that centuries would be 
required to abstract sufficient heat &om the earth's crust to pro- 
duce any material change in the areas of continents. 
. If this account of the elevation and subsidence of continents is 
correct, it would seem that they ought to be constantiy undergoing 
change of level. And their apparent stability may be regarded 
as an objection to it. If in any place there is absolutely no verti- 
cal movement, then those conditions must exist in which, for the 
time being, there is no change of temperature. 

But it is doubtful whether there ever is absolute stability of 
any portion of the sur&ce for long periods of time. Of the minor 
vertical movements of the interior of continents, there can, j&om 
the nature of the case, be no evidence whatever. Changes of 
level, where they are known to be taking place, are so slow, that 
they are hardly perceptible in the period of a human life. Such 
changes had been going on for centuries in Sweden before they were 
suspected. As accurate observations have increased in number, 
and historical records become available, it is becoming known that 
a very large amount of the seaboard is undergoing change of leveL 
It becomes probable, then, that these extremely slow changes of 
level lure constantiy and everywhere taking place. 

That portion of the crust of the earth constituting the present 
continents, being further removed from the centre, would part with 
its heat more rapidly, and receive heat from the central mass more 
slowly, than that portion which at present constitutes the bed of 
the sea. The continents are therefore in a situation to undergo 
contraction and depression, and the bed of the sea is most favorably 
situated £>r risin|^ If the distribution of water through the mass 
luuB any influence in promoting its expansion, then the bed of the 
sea would receive this supply most abundantiy, and the continents 
the least so. We see, then, in nature, those provisions for an 
alteration of level, which, fiom the character of the several rock 
formations, we know to have taken place. When any portion of 
the earth's sarfiioe is covered with the sea, the conditions exist 
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wbich will at length devate it. When it beoomeB drj land, thtt 
conditions exist which will in time depress it below the level of th» 
ocean. Hence, those impressions in r^ard to the land, as stable 
beyond the possibility of change, we ought to abandon ; and those 
rertical movements, which, when proved, we are accustomed to 
regard as extraordinary, we shall, at length, consider as only par* 
ticnlar instances of one of the most general laws of nature. 

7. Variatums of Climate. — The only sources of heat by which 
climate can be affected are the sun and the heated interior of llie 
earth. 

If ihe fi>rmer melted condition of the entire mass of the earth 
be assumed, the temperature of the sur&ce must have been in* 
creased, by conduction of heat from within, for long periods after 
the superficial stratum had become solid. It is, however, suscepti- 
ble of proof, that the present climates are not sensibly affected by 
interior heat, though at a little more than a mile below the surfiioe 
the temperature is equal to that of boiling water. At any time, 
therefore, after the waters had become condensed, collected into 
oceans, and become sufficiently cool to support the animal life of 
whi<^ the remains are now found, it is not probable that the cli- 
mate was, to any conmderdole extent, influenced by the heat con- 
ducted ftom the interior. 

Still, there have been great changes of climate since those early 
organio forms existed ; and, since we have no ground for supponng 
that the temperature of the sunV rays has suffered any reduction, 
we have to inquire whether the means Of letaimng the heat from 
the sun could at any time have been differmt. The relative posi^ 
turn of land and water depends, as we have seen, upon igneous 
causes, and has been very different at different^|ime8. We shall 
find that climate must have been greatiy modified by these changes; 
for the land radiates and absorbs heat finely, and water possesses 
this power in a very low degree. 

Let us imppose the aone comprised between the tropics to be 
occupied by hind, and the portions without these limits to be 
covered witii water. Under these conditions, ihb land, having a 
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iMarly Tertieal Ban the whole time, woald aeeamnlate heat to a 
degree scaroelj compatible with the exifitence of animal li&. Thkl 
is safficiently proved bj the oppressive tropical dimatee of the 
present time, infln^iced as they are by polar lands and oontigaoitfi 

flUMkfl 
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Under the same conditions, the sea would be heated by oontaet 
with tiie land, and Hke heat would be distributed by marine cur- 
rents to the pdkit regions. But the wat« thus disf^ibuted would 
not part wiili its heat, because it has but little radiating power, 
and nowhere comes in contact with polar land. It follows, tiben, 
that both land and water would be subjected to a very high 
temperature. 

But, if we suppose the land confined to the polar re^ns, and 
the sea to the equatorial, the opposite results would fi)llow. The 
equatorial sea would absorb but a small pitoportion of the solar heat 
which would be thrown upon it. The land would receive the sun's 
rays too obliquely to recdve much elevation of temperature, as the 
present polar climates show. Hence, the temperature of the earth 
would differ but little from that of the planetary spaces, which is 
fifty-eight degrees below zero, a temperature too low to allow of 
any considerable development of organic life. 

These are the conclusions to which we are led by considering 
the different powers of land and water to absorb and radiate heat, 
and we shall find that the existing climates are in accordance with 
these conclusions. America has a lower temperature than Europe 
in the same latitudes. It has also a smaller proportion of land in 
the equatorial regions, and a greater proportion in the north polar 
regions. The eastern continent is colder in Asia than in Europe 
in the same latitudes. It has also less equatorial and more polar 
land. The southern is colder than the northern hemisphere at 
equal distances from the equator. There is also less land near the 
equator on the south side, and probably as much land around the 
south as the north pole. 

Hence, we see that there may have been such a relation of land 
and water as to account for all the variations of temperature which 
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are known to have existed. We cannot say that such actoall j has 
been the case. We can tell, with some degree of aocuracj, what 
portions of the present continents were land at the several geologi- 
cal periods ; bat three-fourths of the sor&ce of the earth is covered 
with water, and of the condition of this portion daring those 
periods we have no means even of conjeotaring. We can only 
say, that, by the operation of known causes, the relative position of 
land and water may have been such as to produce the climates 
known to have existed at fermer periods of the history of the 
earth. 
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QUESTIONS. 



CHAPTER I. 

.SBOnOH X. 



How many elementary sobetanoes are known ? 

In what oombinations is oxygen found ? What proportion of the earth's 
omst ooDsiste of it ? 

In what oombinations does hydrogen ooonr? Nitrogen? Carbon? 
Bnlphnr? Chlorine? Fluorine? Iron? Manganese? 

How does silicinm occur ? Aluminium ? Potassium ? Sodium ? Cal- 
dum ? Magnesium ? 

How are these elementary substances classified ? (Silioium, or siUoony 
has but a doubtftd claim to be regarded as metallic.) 

SKonoir n. 

What is a simple mineral ? How many are known ? 

What are the physical properties of quarts? How are the several 
yarieties distinguished ? 

What are the physical properties of folspar ? Mica ? HombLend^ ? 
How are its Tarieties distinc^uished ? Augite? Hypersthene? Talo? 
How are its Tarieties distinguished ? Serpentine ? Carbonate of lime ? 
GypsuAi? Its Tarieties? 

What other mmerals are mentioned ? 

SKonoK in. 

Define the crust of the earth. Bocks. 

What are the unstratified rocks ? 

What is the structure of granite ? 

How are the Tarieties distinguished ? 

Whai is the porphyritio structure ? 

Describe hypersthene rock. 

What are Tolcanio rocks ? LaTa? Scoriae? Pumiee-stone? 

How is the vesicular structure produced ? 

What are Tolioanio breooias? Yoloanio grits ? 



160 «IJ»BTIOMi. 

Wlftt ii tlia Mmporition of tiM tappeui looki! 
mtt is the MD7{[d»loiil&l stmatnn I 

Whkt mre the thret TarieliM of tnpp«ui rotki. ud Iww in tlMy 
dkUsgoiahed I 



Conglomento. GrMiuwnd. Deaaribe the Tirietlee of limestone. 

Whftt ifl dolomite? Of what doM day oonnst i Cl»7BUt«? What 
■BOdi&MtionadoMdiVilktopnwnt? What it dilDTiniB I 



CHAPTER ir. 



What ii the primaiy diTinon of rooka .' 
Upon That prineiple are the mutnlUad Mda dtrMc^r 
EFpmi lAat prinoiple are the ilmtifltd rooka dividedl 
WLy an the BM^ftirillfiiom oaOtti metamivphie rookl ? 
Same the tor cUdbm of rooka. 

aoBoa a. 
What la the mart tlnrndant plntcoi* >oak I 
How is ita thiokneM aaoaitaiiied i 
What ia its amount ! 
Where b it fcmidi 
What is its ordinuT Btraetnn I 
WhM peonliarity of straotnie ftditafas tk* etamge tfpHdItf 



nM gmdtlo I mm II u« ganenUy dMp below &e lorikM; In lAat 

otlier pontion doM gruiite af^wr i 



In iriaA obaM* of Toeki are gmute Tconi ftinndf 

W(r»UM;kllprodiu]ed at the um« timef 

How 1« tut demotittrated ? 

Whftt is llw nlAtiTS poeition of the older »nd newer grudtMr 

What other platonio rooki omdt in oongidflnble qnuimiMi 



Otwkt do Tolcuiia rooki oonoBt ? 

in what itttee are thej ejtaUi 1 

What are the prindpal ToiIetiM of l&ra, and how aie the; distilt- 
gniihcdl 

Vniy ia the basaltio lava the lut to b« q)eoted ! 

How Is the age of the Toloanio rocks detWBiined I 

Vhat are the three diTiriona of the Toloanui lodka, as dqicndeat upon 
age! 

What is the prDporti<ni of the Toloanio to other rooks i 

Bow many aotive Toloanoea exist ■ 

PcBoribe the enipiioas of KilaaeA. 

Deeoribe the eruption in Iceland in 1788. 

What are the duaeDiioni of Mount JEtat, and how kaa H bew pro- 



'^iw are the tertiary laTas known to be snebl 
Where haTS th^ been moat studied F 



OUUXIOlfB. 

WM !• tha vrUoue Oat tlnw i«dE> w Fmdm ue Tdouio I 
&T« these laias been prodqoed witlun tiie hiitoria period ? 



W«M Oiej produoed ftt an carif period in Um eartli'B historj ? 
CKtc Uw eridenoe that their utiTi^ ma long-oon^iied. 



IThat ia the fbnn of the eariier loleaBio roeka ! 

What drcnmstanoefl di«t!iigiuah tlie trappean from other Toleanlo 

What are some of the pramiDent loealitke of the tnppeaii TOokB ? 
How do the; oceor in the ialands met of BootJuid I 
How m the Talley of the ConneetLeat rivei ) 



What b the loireet metAmorplua rook? 

Deaoribeit. 

How doM mioa alat« difier btaa gndH 1 

la it wdl disijngaJthed from t^glllMmnu skle t 

What ia the thiid toeh m the metamoridilo aeries ? 

Why ii it diffioult to determine the upper B«U of tUi MdM r 
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QniSTIOHB. 



Vhy do the prindptl rodki of thla lerin ooonr In the order Itm 

Wlikt other Tooki ma; take the pUoeof theae prinaipftlroekal 
Whara do the metAmorphio rocks oocor t 
That U dwiT lliiokiKiBB and unonnt I 



Bnr D>Hi7 ^jitemB of fiw^IifbviiB Toobs are thne, Mtd wlwt «n thcf . 
That other iTStMn it proTkioiukll; introdnoed I 
ynai is ita pomtion i 

Hg-T. 




What fiMdIi doe> H oont^ t 
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b wlukt looaUtin U It finmd I 

WuX vxpltnMtitOi, in nfinoee to thew raoki, if ^na b^ tkoM vte 
imj that thsj oMistitate ft ^tOaat ijittml 



Ii rtftt rtfiMb doM Hie Suto of New 7ork pnamt the beet &dUtiM 
Ibr itadyiiig tlia rilariui Sjratemt 
DtKxSm the ChHnplun diTunon. 

Hg. II. 





nwOntuio dMtlon. 



4«I8TT0TI8. 

Deooribe ttie Erie diriiiDn. 
/^^HaX an the ibasils of Oaa ETStem ! 
«g.J7. 



DesoOw flte Crinindea. 
The Cepluklopoda, ftsd the two fbnns. 
Hg. IB. 




Ihe Trilobite. 

Wh&t higher forma of aniintl lilb existed during tte aL 

The geograpUoBl range of the Eyitam P 

Of vhat does the OM Ked Sandstone ocouiflt I 



amSTIOKS. 



Describe the fi^es of that period. 

Vluit was the peouliaritj of tii« Pl«ri(ihtb7t I 

OrtheCephslaBpiB? 

Where km the ivaks of Oob «^tem (band f 

How ii the OBrbomlbroiu Eyitem divided i 

Describe the oorbonifeTOiiB limestone. 

Vhat ores are Ibnnd in it J 

Deearibe its tbnilt. 

Desoribe the millBtoiie grit. 

Of what da the ooal meuone oontiatf 

How dote the ironnone ooonx ? 

Desoribe the ooal iMdi. 



QUBBTIOHS. 

How is Qie oontisiutj of the strata interrapted 1 
VlMt Tamtiona bom thii general ^pe occnt in the formation i 
JIJ.SO. 



Dcsoribe the aaTeral larietiM of ooaL 
Boir u Uw 00*1 qnanied > 

Kg. a. 



Vhai tnineral apringe occur in this formation t 

To what naas is coal applied ! 

(The 00*1 WM depotit«d titoDBanda of yeart ago, and has serred no 

niebl porpcoe, that we know of, till lerj rMentlj. Its fbrmatton wm 

planned and oomplet«d to meet a want whioh was not to tie lelt till the 

laiM of uanT aste. It ia a notolile iutanoe of the wisdom and Ibre- 

15 



thon^t, u well M of the beBerolMMe, of Ood.) la wlurt d 
rig. !3. 




•e ^ eharact^ knd p 



Wbftt ue die tbor most ftbundukt tbrmB ! 

StKitbe the SUgmkrift. The Sigilluu. The Lepdodendron Thp 



What ia tlie fourth fiirmfttion of loeka ! 

Into irtiat tvo portion i» It divided I 

Of what d«es the Pennuui portion oonaat ? 

TheTriu? 

What nuDer&ls are found in 

Vhftt BpringB? 

Kg. 




TTh&tfoamlB? 

How are |lte Eshes af the earlier and later partioDB diatin^aishsd i 

What peculiarly of the red auidBtoiiea U meationed f 

By -what kindH of animals were the tntcka, nhicfa they oaotaba, nvk 



tHve lootlUiea of the neir red sandstone. 
What are the three diiiwnui of the Oulitjn system t 
Kg. 31. 



%u I., J 




QUESTIONS. 
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The Wealden. 

What ftre the general peculiarities of the STstem ? 

Eig. 33. 




What are the fossil animals of the system ? 

By which class of fossil animals is tiie system charaoterized ? 

Rg. 34. 




Describe the Ichthyosaurus, The Hesiosaurus. Pterodactyle. The 
l^uauodon. 

Where is the system developed ? 

What are the divisions of the Cretaceous system ? 

How are the layers of chalk separated ? 

What is the geological position of the Neocomian system, and the 
greensand of this country ? 

What are the fossils of this system ? 

Fig. 35. 




What the geographical range ? 

How are the tertiary deposits distinguished from the older formationa ? 

16* 



qUXBIMONB. 




In vlwt portion of the tmiuj period ma the dr^ dapcdtedt 
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What Is the geographioal range of the drift ? 
Of what does it consist ? 
What is the latest tertiary deposit r 
What are the fossils of the tertiary system ? 

Describe the Poleotherium. The Anoplotherixim. The Megatheritun. 
The Mastodon. The Mammoth. 
What other animals belonged to this period I 
Where are the tertiary deposits found ? 
"tfhat formations are regarded as recent ? 
What formations of this class are accesaible ? 
What others are in progress ? 
What are the fossils of this formation ? 

SECTION vi. 

What is a Ibssil ? 

In what ways are they preserred ? 

When is a fossil said to be mineralized ? 

Describe the process of mineralization. 

How is it proved that the remoral of the organic matter and substita- 
tion of mineral particles are simultaneous ? 

Were animals created before regetables ? 

How is this shown ? 

At what period was the vegetable growth the greatest ? 

What forius of animal life were most abundant during the earlier 
periods? 

What Tertebrated animals belonged to these periods ? 

What adrance is made in the new red sandstone period ? 

During what period do the mammalia first^ppear in abundance ? 

During what geological period was man created ? 

How are the footprints and skeletons of human beings in solid rocks 
accounted for ? 

Why are not fossils distributed uniformly through all the fonaatiens, 
and through all the parts of each formation ? 

In what does the importance of fossQs consist ? 

How are the fresh-water and marine formations distingnidied ? 

What circumstances render it difficult to identii^ rocks of the same age 
in different localities ? 

How are formations identified ? 

Was the work of creation one of short dun^on ? 

What was the last work of creation of irhioh w« have any geologiioal 
yvidence ? 

Why may we presume that no more species will be created ? 
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Do all the animal and yegetable species whioh haye been created stiO 

exist? 

Fig. 44. 




Bg. 46. 



Fig. 46. 



Kg. 47. 




What causes are operating to destroy species ? 



SEcnoK yn. 

How long has it been since the creation of the earth ? 

How does the amount of stratified rock indicate the g^reat antiquity of 
the earth? 

How does the stratification show the same thing ? 

What is the proof that the principal strata were deposited befinre the 
creation of man, and how does this fact bear upon the question of the 
antiquity of the earth ? 

Give the argument drawn from the successiTe creations and disappear- 
ance of animal and yegetable species. 

The argument drawn from the amount of organic matter in the strati- 
fied rocks. 



QDB8TZ0SS. 1T7 



The argument from slow aooomiilaiaoB. 

What is the general oondnsion from these fiicts ? 

Why is this conclusion an important one ? 

What objection to it has been raised ? 

How is this objection answered ? 

What additional explanation is given ? 



CHAPTER III. 

SECTIOK I. 

What is the deepest geological change of which we have any knowl- 

I? 

What are the reasons for supposing that the lowest stratified rocks are 
undergoing fusion ? 
Why are the lowest stratified vocks regarded as of mechanical ongin ? 
What changes haye they undergone ? 

SECTION II. 

In what state were tiie stratified rocks deposited ? 
What ehange have they undergone in this respect ? 
How is the fissile structure produced ? 
How is ihe cleaTage structure produced ? 

Fig. 48. 




What is the third class of changes ? 

What do fractures at the sur&ce become by the erosion of water ? 
How are caverns formed ? 

Describe a yein of segregation. A dike. A mineral yein. 
Whatisafiiult? 

Were the inclined strata thus deposited ? 

How is it proved that they have taken the inclined position since tijiej 
irere deposited ? 
What is the direction of the dip ? 
What lines form the angle of inclination i 
What is the outcrop of inclined strata ? The strike ? 



<tni8TI0H 





Fig. 60. 
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QUCStlONS. 



Deioribe ta kntiolinal axis. A Bjnalln&l aiii. 
A TtUccr ot dLeyation. A t»1I^ of sntflideiice. 





WImii on etmU nncontitnnable 1 

Tfhai other dUtnrbanoea hare taken ptttce in the Htnita t 

When did thcM Tarioos dittorbanaeB take piftce i 

Howii it knovn that then hu been no period of muTeraaldistnrbancet 



QOIBTIOMI. 




Were the gnnitk ridgM tbiu corend i 

Has the level of thB M* been, to &o; ewiudmble exUmt, floetaa^nB I 
How, then, have Uie rooka, of vhich Uie moontiin muses oaonst, bMD 
oovared b; bm > 

Give the evidence that difiBreut moDataina irere elevated at difiennt ' 

Has the process of upheaval been snddeD or gradual ! 
Hon are Qie maunlain vallejB, vrhioh have the direotlon of the mountun 
ranges, been produced ! 

Hg. S9, 



Hew is the eiistenoe of submarine mountains ihown ! 
What is the movement b; which continents are elevated f 
State the evidence of the elevadoo of continents fWim the 
elevated sea-beachee. 
The evidenoe of the elevatinn of Vtta coast of Habe. 
Hm evldeuoe of elevation &om tJie 
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From the geographical range of the older strata. 

The evidence of the recent eleTation of South America. 

Of the rising of the north of Europe. 

State the proof of snhsidenoe from the oocnrrenoe of submeiged ibrestik 

Why are these changes bat little obserred ? 

Fig. 60. 




What are the grounds for asserting that a change of leyel is taking 
place oyer a large area in the Pacific and Indian Oceans ? 



IM aiTBsxiosa. 

Wlut !b Oit prcae&t ttate (f the eeaat el QmaltBA in thia twpoet? 
BAvB tlie clumgcB of lerel of the nine place ftliraTe been in the n 
direction! 

OiTe the eridenoe of eleTfttion and depFeeakm in Bonth Aneiioa. 
Inltmlj. 

5Sg.M. 



What general oouolB^n maj ire draw in reepect t« the Bt«bili^ of the 
earth's tur&M? 
To irhat extent em we aeeett^ the geographj of past epochs I 
What former nlatiow <>f land and water are eogBeBted ar not improba- 
ble' 

snmoN IT. 

How can we eadmato the deovdatioQ whkh t^ ignmna Tooka havfl 
aaSetedl 
How dc &ulti indioate the denndadon of the strolified rooks ? 
How do Tiflejs indicate denadations i 
Deeoribe the inetanoe in Scotland. 



QITXSTIOHS. 

Wlwt Is die evidence of denadatiaa In the Caimeiitiatit Tallej I 
Bow are TftllayB prodnoed ? 

Hg. 66. 



Wliat is the ooadltiou of the surfiue rook in the oolder portdons of tte 
I? 
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With what U the Bui&oe rook geoerallj ooTend F 
How Bie sinls fbimed i 
How ma; soils be improved ? 
IThM it neoeiaary to render Hdlg fertUe? 
16* 
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QUflSTIONS. 



SBOnOH ▼. 

What lueanfl ]iat6 we of judging of the climate of former periods ? 

What was the climate of the coal period ? 

What animal Ibflgils indicate a former warm climate ? 

What eyidenoe that Siberia once enjoyed a milder climate ? 

Do similar indications appear in the southern hemisphere ? 

When has the climate of the earth been most unilbrm ? 

Has the climate been growing gradually colder to the present time ? 

What is the eridence of a somewhat recent period of intense cold ? 

What recent local changes of climate are mentioned as having occurred ? 



SBcnoir Ti. 

State the general adyantages of geological changes. 

By what ohangee have the coal-beds and other stratified rocks become 
aeoessible? 

What advantage from these elevating fbroes in reference to the granitio 
rqokB? 

Kg. 6» 




How do these changes affect our means of knowing the structure of the 
earth? 

Explain the <»igin of springs, wells, and artesian wells ? 

By what changes have the metallic ores become accessible ? 

In what light, then, are we to regard disturbances of geoIogUsal stmo- 
ture? 



<tVIBTI01ll. 



CHAPTER IV. 



Wliat IE Om object of tlie precediiig olutpt«ts I 

HoiT COD ve BiriTe at a knowledge of the o&nses irluah lUTfl prodnocd 
gcok^ieal phenomuiai ? 
Have geological caoses alwaja operated with the same Intensity ? 
How are the mesaa of fonning correct geolc^al tbecriee inoreaung ? 



How doea oijgon become an agent in the dlslntegraldoii of roeka ! 

How does carbonic acid operate in the didntegration of rocks } 

What is the effect of moisture and rain f 

What is the effect of Tariationa of temperatnre 1 

yibat other atmoepberic canses are mentJoned ? 

Eow do these causes become important f 

What are some of their effects ! 

What are the changes which are to be relbrred to chemical agency I 
Mention some of the distnrbancai which give rise to chemical changes 
What are the principal efiecti of chemical action ? 
How is the cleavage Btructnre acoounted fhr ? 

Kg. 71. 



Kg. 70. 



MenUon Instances wMcb Bhow that a deaTage maj be eetabliehed in » 
bod; in a solid state. 
In it a crystalline arrangement of the particles of the mass I 
What other divisional planes exist in rocks ! 
MenUon instances of concretionary fbrmationB. 
Why may not these concretJons have been departed as nodulca I 
How have these eoneretions been fbrmed I 

Mention instanoee of segregation without the concretionary stinclun. 
How was Uie segregation in these instances effected f 
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Q17X8TION8. 



How IS the colmnnar stmotoie produced ? 

What is the ozigin of the mineral veins which are first mentioned ? 

How is it shown that other Teins are not ii^ected ? 

How were these Teins formed ? 

What is the force by which these molecnhur changes have been effooted i 

BBcnoN in. 

In what ways are geological changes prodaced by human agency ? 

Of what are the organic remains, in rocks, the record ? 

What rocks contain organic materials in large quantity ? 

What is the most abundant organic product ? 

Explain the mode of growth of corals. 

GIto instances of extensiye coral reefis. 

What is the total amount of surfiice coTered by the coral reefii ? 



SEcnoK ly. 

What degree of importance is attached to water as a geological agent ? 
What are the sources of the sediment which water deposits ? 
Why is not the formation of the sedimentary rocks capable of being 
obsenred ? 
What is the first mode in which solid matter is taken up by water ? 
Why are the waters of the ocean saline ? 

What effect has the temperature of water in the solution of silex ? 
What effect has an alkaline condition of water ? 



Hg. 72. 




What rock is soluble in water charged with carbonic acid ? 
Give an instance of limestone formation from such solutions. 



Hoir do liTtn AtniiBh Bediment fiir tlia atrklified Moki } 

What determiDce Ihe pomtion of rapids in rifera ! 
What is the effect of wat«F-fUls on the abrading ootioii of riTeK t 
What is the pecoliaritf of rook at Niagara irkich hu prerented the 
bM fnua bcooming a tooces^oa of rapids t 
What oUlbt cironmrtanec IncreaBes tha abrading aotion ef rivov I 
What is the principal sonrcfl of the sediment which is transported by 

What is the umoal amount of sediment fiimished by the Eennebeo I 
The Merrimao ? The Misusaippi ? The Ganges i 

What is the general tendeno; of these abrading forces ! 

What is theefitetof iraTesopon the coast, irhenUoonsiitsof unsoUdi- 
Sed materials ? 

Desoribe tJudr eUcot apon rock; ooosts. 

How is the enoroachment upon sooh coasts shown 1 



What is the effect of wstcs of leM power i 
B>w are marine cmrenta prodnced i 

How are the; increased by the evaporadon of the tonid sona 7 
What are the most important marine cmrenla i 
Which class of currents have the greater depth ? 
Upon what does the power of deep currenta depend ! 
Bow would the effect of these cnrrents be increased by eai^quakea .' 
Where will the effects of these currents be greatest I 
m of these effects. 



QUIBTI0N8 



Iftl 



What nniit be the efiEect of taek eurnAte ad th* Ottlf-slftun and 
Mozambique channel ? 

Mention, generally, the effects of these currents. 

Why does detrital matter remain snu^wDded in the water of riyers ? 

How is the coarse and fine sedknent separated P 

Why do river currents extend some dlstanee into the sea ? 

What effect does this haye in distributing the sediment which the riyart 
ftimiah? 

Upon what dote the trasiq)ertiBg power of marine currents depend ? 

When a river enters a kke, why is its sediment deponted ? 

Describe the effect. 

When is sediment depoeited in the beds of rivets ? 

Describe the effects of this deposition. 

Where is most of the sediment deposited ? 

Oive the area of some delta deposits. 

How do the de^^^ea d^qfXMaits now fi^oung compare in extent with the 
earlier formations ^ 

State the several circumstances by whieh a soooession of deposits would 
be arranged in strata. 

How are those differences produced upon which the separation into 
independent formations depends ? 

Why are marine deposits nearly horizontal ? 




How ate the irregular stratifications produeed ? 

What peculiarity in the fbssils wiU distinguish the lacuMrine and nutrine 
deposits ? 

What peculiarity in reference to fossils will characterize the deep-sea 
deposits r 

How is coal shown to be of vegetable origin ? 

Why will the drift wood of the sea aeeumu!ate m particular localities^ 
and why will it sink ? 

Why will it become buried beneath earthy matter ? 

How is it known that wood thus buried will, at lengtih, become Hgnite ? 

How is lignite converted i&to mineral coal ? 

What is the proof of it ? 

Have beds of coal been Jbrmed at other periods, be^des tliecarbonifeitftis ? 

Is it probable that 6oal^4)ed8 at« now ftrmini^ ? 
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QUISTIOHS. 



How did the flora of the oarboxuftnnui period diJEsr from the eodstuig 
flora? 

Fig. 76. 




Are the altematioiis of the earthy and coal strata satisfiictorily 
explained? 
In what portions of the geological series are the deposits of salt found ? 
Where is saline matter principally stored ? 

Explain the conjectural formation of salt in the Mediterranean Sea. 
What form do rocks take when deposited from a chemical solution ? 
How is sand or gravel solidified by the infiltration of mineral waters ? 
What is the effect of drying upon the solidification of rocks ? 
What is the effect of pressure ? 
What of heat? 

SBiCTIOK y. 

What is a glacier ? 

What is the extent of the glaciers of the Alps ? 
What change does the mass of snow in the higher Talleys of the glacier 
mountains undergo ? 
What is the source of supply to the glader ? 
What is the cause of the motion of the glacier ? 
What is the usual annual motion ? 
Why will the glacier melt but littie at its under side ? 
Where will the waste at the surfigtoe just equal the additkii ? 



Wlikt drcnmBUnoea vuytlie portion of the tendinis of tlieglAdtr? 
Kg. 77. 



What, bondea Bnow uid Ice, enters into the oompMltion of a glaolar I 
How an these matuiaU supplied ( 

Hcnr IB » lateral laoraine fi>rmed I 

What effect has Q» motion of the glacier on the rookf rar&oe oref 
vhioh it passes f 

What is the material \>j vhioh this eStet is produced I 

How is the terminal moraine produced P 

How may the moraines on the Jura Monntains be explained t 

How has it beoi praposed to BxjJaiii the striat«d sorlkoM of rocfcs Ibnnd 
In the north of Europe and Amerioa ! 
17 
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Wkst IB tlie objentioii to tMs extension of the glader Ui«or7 ? 
Hair does the ioe aocniniilate along the coast in high I&titnd«s to &ra 
imbergs t 
Why do«a it ultimately separate from the thon I 
Hot do«B it become freighted with earth; matter I 
In what direotioD do the icebergs float, and why ? 
What are the dimenuons of an iceberg, estimated firam Ito part that k 

Bf.7B. 



Whoe does the mass of ice inerease, and where di 

What will be the effect of its melting ? 

How is it supposed that icebergs may have striated the rocliy snrftm I 

What is probably the condition of the bed of the seas over which ice- 
bergs now float ? 

Has the north of Europe and America been so depreaaed, during a 
period comparatiTely recent, as to admit of this explanation of t^ drift 



What is the condition of the interior of the earth with respect to heat ! 

How do the obaerratjons made in deep mines and wella prove this ! 

How &r is the temperature inSuenced front the surface .' 

What is the general law of increment of temperature t 

At what depth would moat mineral substances be melted ! 

How is this oonclnsion confirmed ? 

What was probably the original stale of the mass of the earth ! 

What other explanation may be given of this interior heat ; 

What is the elaatia fbrce upon which Toloanic phenomena depend ? 

Upon what docs the fluidi^ of lara depend ? 

XTpon what does its porous stroctura, when cooled, depend i 



QtrxaxiOHB^ 195 

mj ftra Tolouiocs ritoated omt the r«»I 

Describe the prinoipal linw of TOloanio activity. 

Wlat are the fbrcee tending to repnes the eloatiaity of ths >n»M below i 

What will be the eOeot when the ebutio is greater than Hie n 

What produoefl the phenomena of the earthquake t 
What is a Tolcano 1 

Why an ToloanoM geoerall; arranged a linear direotios t 
Under irhat cinminBtanoM will a new Toloano be fiiimed ? 
What instanew are dted ? 
Knr ia a voloamo eone formed I 
Vhj are lateral conee prodaaed ? ' 

Hiov are Toloama dndera tbrmed { Soorite I Totoauo gUw I 
Rg.». 



CK*e initanoce of &actur«fl aa reanIU of lolaaido aetion. 
How are dikrs formed } 

ng.80. 



Bj what ageoej hare the changca in the metamorphie rooks bem 
•SMtedf 

Gire the inatanoe of metamorphia aotion fhim IntnuSTe granite in 

What lastaaoe is pTm as oooorring in Ifev Quufdiin t 



GiTe tlie ezperiment b7 wbloh It ii ibown tbat Ihm diaagtt iriQ. itnlt 
(Hhh » high temperature. 

Fig. 91. 



What most be the condition of the lowest Bdati&ed rodke in regard to 
tcmperktare ? 

Why is not the stradScation deetroTed f ' 

What ibaBgee wx prodooed hy this high tw a pen Unr e? 

E^lain the oonnec&m of denndstim and earthqnake Mtim. 

What IB theeTidmce that the Bnr&oe of the earth is thrown Jnte nndo- 
lationB during orthqaakes ? 

What il the Teloci^ of these nndnlatJons i 

ffive the inetanoe which ooonrred in Chili 

To what parta of the earth are these undulations limited ? 

What oondition of the suribee maj be regarded as resulting trvm this . 

What U the olasi of rookiinaet obvionaljrefiira'ble tOTokaoiaagenoj? 
. How do the trap raolm aSet from oxdinary laTM i 
Whjr are they not Teaicolac I 
Why more orystftlline ! 
Why were eones never formed i 
What is the proof that the granitic rooks have once heen in a meited 

Why does not the maae of melted rook below the anr&oe r«t^n per- 
nanenUy its liqtdd fbrm ? 

Why does it, on cooling, become more crystalUne than laTa ? 
atata the prooeae liy which monntaini are e>rmed 
By what law does tiie elovatiag force accumulate '. 
- Why, then, is the pnoceaa of elevation spaamodio, and not 
How is the inclined posiHon of Strata produced ! 
How are strata brongll; into avertioal poeitionDverlM^ 



«UBSTI0H8. 
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Wliy do sabsidoicai ocoajnoiially Mivw tluese moremttitB of elBTftlioii I 
Mention ufBtanoet, 
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What explanation is suggested of deep and extensive chasms ? 

What conditions must exist together, in the force by which continenti 
are produced ? 

What cause fiilfils these conditions ? 

What is the proof that the temperature under given localities is yaria- 
ble? 

What will be the result of these yariations ? 

What is the law of expansion of rocks, as obtained by experiment ? 

What amount of change of level may be thus accounted for ? 

17* 
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What oironnifltaiioes would probably inereiuie this amount ? , 

What amomit of rertical moYement mtist be aoconnted lbs ? . 

Why must these changes of level be yery slow \ 

Under what conditions would there be no change of lerel ? 

Is it probable that these conditions exist to any great extent ? 

Why, thai, are not the changes of level observed ? 

Why is the bed of the sea most likely to experience the change of eleva- 
tion ? 

Why are the continents most favorably situated to undergo depression ? 

What are the sources of heat upon which climate depends ? 

I>oes the interior temperature sensibly affect the present climates ? 

What cause may be assigned for the changes of climate which are 
known to have taken place ? 

What are the relations of land by which the highest temperature would 
be produced ? 

How would this distribution of land afiect the temperature of the waters 
of the ocean ? 

What would result if the ojyposite relations of land and water existed ? 

What confirmation of these conclusions is drawn firom the existing cli- 
mates of different parts of the earth ? 

Is there any reason to suppose that the relations of land and water 
which would have produced a warmer climate in former times did not 
exist > 
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Or, Vacation in Europe. A Tour through Great Britain, France, Holland. BelginiB, 
Germany and Switzerland. By John Otkrton Chouleb, D. D., and iaa ^pils. 
With elegant Illustrations. 16mo, cloth, 75 cts. 

This is a highly entertaining work, embracing more real information, such •■ ereiy one wishw fea 
know about Europe, than any other book of travels ever published. 

THE ISLAND HOME; 

Or, the Young Castaways. By Chribtophxr Bomaust, Esq. With elegtat lUiu- 
trations. iBmo, cloth, 76 cts. 

A new and exceedingly capttvating ** Boblnaon Cmfoe" atozy. 

THE AMERICAN STATESMAN; 

Or, nitistrations of the Life and Character of Daniel Webster; for the Entertainment 
and Instruction of American Touth. By Joseph Baittasd, A.M. With numer- 
ons Illustrations. 16mo, cloth, 76 cts. 

THE GUIDING STAR; 

Or, the Bible God's Message. By Louisa Payson Hofkisb. 16mo, cioth, GO cti. 
An exceedingly interesting and instructive work for youth, on the evideneea of GhziitiaiiUy. 



THE AIM^W^LL STORIES. 



OSCAR ; or, The Boy who had his own 
Way. 16mo, cloth, gilt, 63 cts. 



CLINTON; or, Boy-Life in the Country. 
16mo, cloth, gilt, 68 cts. 



ELLA ; or. Turning Over a New Leaf. With Illustrations. 16mo, cloth, gilt, 6S cts. 

aST" The above volumes are uniform in size and style, and while each is intended to be eompleta 
and independent of itaelf, the series will be connected by a partial identic of character, loealitfes, ftc 



AMERICAS' HISTORIES, BY JOSEPH BANVARD, A. M. 



PLYMOUTH AND THE PILGRI3IS ; 

or, Incidents of Adventure in the llis- 
torv of the First Settlers. With Illus- 
trations. 16mo, cloth, 60 cts. 

NOVELTIES OF THE NEW WORLD. 
The Adventures and Discoveries of the 
First Explorers of North America. With 
Illustrations. 16mo, cloth, 60 cts. 



ROMANCE OF AMERICAN HISTOET: 
or, an Account of the Early Settlement 
of North Carolina and Virginia. With 
Illustrations. 16mo, cloth, 60 cts. 

TRAGIC SCENES in the History of 
Maryland and the Old French War, witli 
various interesting events occurring in 
the early history of America. With 
Illustrations. 16mo, cloth, 00 cts. 



WORKS BT TB3B BEV. HARVE7 NEWOOHB. 



HOW TO BE A MAN. A Book for Boys ; 
containing useAil Hints on the Fomw- 
tion of Character. Cloth, gilt, 60 cts. 

ANECDOTES FOR BOYS. Entertaining 
Anecdotes and Narratives, illustrative 
of Principles and Character. 18mo, 
cloth, gilt, 42 cts. 



HOW TO BE A LADY. A Book for 
Girls ; containing useful BUnts on thA 
Formation of Chanuster. Cl.,gilt,fiOets. 

ANECDOTES FOR GIRLS. Entertain- 
ing Anecdotes and Narratives, illostrm- 
tive of Principles and Character. 18mo, 
cloth, gilt, 42 cts. 
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YALITABLE W0BE8 FTTBUSHEB BT GOULD & UKCOUf , BOSTOK 



THE CRUISE OF THE NORTH STAR; 

AJBCaBimtiwe of the Excursion of Mr. Vanderbilt's Party, in her Tojage to England, 
Kuaeiai Denmark, France, Spain, Italy, Malta, Turkey, M&deira, etc. B7 Rey. 
JoHir Ov£BT02f Cuovusa, D. D. With elegant Illustrations, etc. 12mo, cloth, 
gilt hack and sides, $1.50. 

VISITS TO EUROPEAN CELEBRITIES. 
By the Eey. Wijlliax B. Spraoue, D.D. 12mo, cloth, $1.00. 

AMrtos of gntphie and Uft-like Personal Sketches of many of the most distinguished men and 
moman of Europe, with whom the author became acquainted in !hc course of several European tours, 
whore he saw th«m in their own homes and under the must advantageous circumstances. " It was my 
ttBifimn cu/itoiu, after every sucii luter\'iew, to take copious memoranda of the conrersation, includ- 
i|ig an account of tlie indlyiduai** appearance and manners; in short, defining, as well as I could, 
the whole impression which his physical, intellectual, and moral man had made upon me.** From 
the memoranda thus made, the material for the present instructive and exceedingly interesting 
yolume is derived. Besides these " pen and ink " sketches, the work contains the novel attraction 
of a VAO siHiiA or thb siovatlbb of each of the persons introduced. 

PILGRIMAGE TO EGYPT; EXPLORATIONS OF THE NILE. 

With Obseryations, illustrative of the Manners, Customs, etc. By Hx>n. J. V. C. 
SiOTH, M. D. With numerous elegant Engravings. 12ino, cloth, $1.25. 



THB STORY OP THE CAMPAIGN. 

A complete Narrative of the War in Southern Russia. Written in a Tent in 
the Crimea. By Mqjor E. Bitucii: Hamlky, author of "Lady Lee's Widowhood.'* 
With a new ana' complete Map of the Seat of War. 12mo, paper covers, 87^ cts. 

POEOTICAIi VrOUKB. 



inirTON'SFOBTICAL WORKS. With 
Life and Elegant Illustrations. 16mo, 
. doth, $1.00; Sne cloth, gilt, $1.26. 



POETICAL WORKS OP SIR WALTER 
SCOTT. With Life, and Illustrations on 
Steel. 10mo,cl.,$l; fine cl., gilt, $1.25. 



qOMFLEIE POETICAL WORKS OF WILLIAM COWPER. With a Life, and 
CriticiU Notices of his Writings. With new and el^aut Illustrations on Steel. 
lOmo, cloth, $1.00; fine cloth, gilt, $1.25. 



The above Poetical Works, by standard authors, are all of unifbrm size and style, printed on 
fine p^wr, ftom clear, disttneilype, with new and elegant illustrations, richly bound in f\ill gilt, and 
plain t thus leadsfins them, in eaimeettoa with the exceedingly low pkick at which they ar* 
Offllsred, the cheapest and nuwidiettxabtoaf any of the numeroua e^tions of theaft author's works now 
in the market 



LIFE AND CORRESPONDENCE OF JOHN FOSTER. 

Edited by J. E. Rtlaitd, with Notices of Mr. Foster as a Preacher and a Com- 
panion. By JoBH Shxppabs). Two volumes in one, 700 pages. 12mo, cloth, $1.26. 

In simplicify of lanfusgerin m^esty (^conception, in the eloquence of that conciaeneM which eon- 
Ttya in a short sentence more meaning than the mind dares at onoe admit,— his writing* are 
unmatched. — CNorth BriQah fieview. 

GUIDO AND JULIUS. 

The Doctrine of Sin and the Prt^itiator ; or. the True Consecration of the Doubter. 
Exhibited in the Corlrespondence of two Friends. By Fred-krick Augustus O. 
Tholucb, D. D. Translated by Jonathait Edwabds Rylahd. With an Intro- 
duction by John Ftx Svith, D. D. 16mo, cloth, 60 cents. 



NEW AND COMPLETE CONDENSED CONCORDANCE 

To thftHoly Scriptures. Bv Albxaitdxb Crudien. Revised and re-edited by Rev. 
David Kiso,L.L. D. Octavo, cloth backs, $1.25; sheep, $1.50. 
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IMPORTANT WORK. 



KITTO'S POPULAR CYCLOPAEDIA OF BIBLICAL LITEBA* 
TURE. Condensed from the larger work. By the Author, J OHH KiTTO, D. D., Autbof 
of *' Pictorial Bible,* '' History o( Palestine," ** Scripture Daily Readings," fcc Assisted 
by James Taylor, D. D., of Glasgow. With owrJiM hundred Ittuslrglmis. One vol* 
ume ocuvo, 819 pp., cloth, 3,00. 

Thb Popular Biblical CrcLOPiEoiA or L-iTBitAT0KB Is designed to ftmiih a DiOTiovAXr 
o r THB Bible, embodying the product! of the best and most recent researehei in biblical litentnie^ 
In which the scholars of Europe and America have been engaged. The work, the result of imme nse 
hibor and research, and enriched by the contributions of writers of Hi«tingnj^hed eminence in tiie tm- 
rioni departments of sacred literature, luu beeu, by uniyeraal consent, pronoanoed tlie l>est wotk of 
Its class extant, and the one best suited to the advanced knowledge of the present day in all the stoiflee 
eonnected with theological science. It la not only intended for vwiuten and theological sSwdenft, 
but is also particularly adapted to parents, Sabbath tchool teachen^ and tht great body <^ the reUgiotia 
public, Tlie iUtutraUonay amounting to mort tlnan three hundred, are of the very highest order. 

A condenacd view qf the vortotw branchei qf BibUcal Science eomprehend«d m the work, 

1. Biblical Ckiticisx,— Embracing the Uistoiy of the Bible Languages ; Canon of Sciiptovei 
literary History and Peculiarities of the Sacred Books ; Formation and History of Scripture Texts. 

2. HisTOBT, — Proper Names of Persons ; Biographical Sketches of prominent Charscters ; Detidled 
Accounts of important Events recorded in Scripture { Chronolcgy and Genealogy of Scripture. 

S. Groobapht, — Names of Places \ Description of Scenery; Boundaries and Mutual Belatfoas ef 
the Countries mentioned in Scripture, so far as necessary to illustrate the Sacred Text 

4. ARcnjsoLOOY, — Manners and Customs of the Jews and other nations mentioned In Seriptnxei 
fheir Sacred Institutions, MUitaty Affairs, Political Arrangements, literary and Scientific Parsullfc 

& PiirsiCAL SciEKcs,— Scripture Cosmogony and Astronomy, Zoology, Mineralogy, Botanj, 
Meteorology. 

In addition to numerous flattering notices and reviews, personal letters from mare than^t^ t^ tt« 
mott dittingyMed Minitters and Laymen qf different religiouM denommationa in the eotmtrg have beeii 
received, highly commending this work as admirably adapted to ministers, Sabbath school teachen^ 
heads of families, and tdl Bible students. 

The following extract of a letter is a fidr specimen of individval letten xeedTed from aocft of Hit 
gentlemen whose names are given below :— 

*■ I Ixsve examined it with spechd and unalloyed sattsftefion. It has the rare merit of being aB that 
It professes to be, and very few, I am sure, who may consult it will deny that, in richness and frtlnssi 
of detail, it surpasses tlieir expectation. Many ministers will find it a valuable auxiliary i but its 
chief excellence is, that it fhmishes just the fiadlittes wliich are needed by ttie thoosands In fluniliea 
and SablMth schods, who are engaged in the important bnshiess of biblical edncathm. Jt Is in UnIT • 
BhiBiy of reliable information.** 

W. B. Sprague, D. D., Pastor of Second Presbyterian Chnreh, Albany, N. Y. 

J. J. Caimthers, D. IX, Pastor of Second Parish Congregatimsal Church, FOrOand, Me. 

Joel Hawes, D. D., Psstor of First Congregational Church, HaxtfiNrd, Gt. 

Daniel Sharp, D. D., late Pastor of Third Baptirt Church, Bostcm. 

N. Ii. Frothingham, D. D.,late Pastor of First Congregattonal Chnrdi, (Unitarian,) 

Ephraim Feabody, D. D., Pastor of Stone Chapel Congregational Ghuich, (Unituiisn^ '. 

A L. Stone, Pastor of Park Street Congregational Church, Boston. 

John S. Stone, D. O., Bector of Christ Church, (Episcopal,) Brooklyn, N. Y. 

J. B. Waterbuiy, D. D., Pastor of Bowdoin Street Church, (Congregational^ Boston. 

Baron Stow, D. D., Pastor of Howe Street Baptist Church, Boston. 

Thomas H. Skinner, D. D., Pastor of Carmine Presbyterian Church, New York. 

Samuel W. Worcester, D. D., Pastor of the Tabernacle Church, (Congregatfonal^ BaleBk 

Horace Bushnell, D. D., Pastor of Third Congregational (Church, Hartford, Ct 

Right Beverend J. M. Wainwright, D. D., Trinity C!hnrch, (Episcopal,) New York. 

Gardner Sprhag, D. D., Pastor of the Brick Church CbapA Presbyterian Chnreh, New 

W. T. Dwight, D. D., Pastor of Third Congregational CSiTurch, Portland, Me. 

£. N. rark. Pastor of Mount Vernon Oon^regational Church, Boston. 

Prof. George Bush, author of *• Notes on the Scriptures,** New York. _ 

Howard Malcom, D. D., author of " Bible Dictionary," and ftes. of Lewbhnif VvinnUj*^ 

Henry J. Ripley, D. D^ author of " Notes on the Scriptnies,** and Tnt, fan Newton TlieoL 7 

N. Porter, Prof, in Yale College, New Haven, (X. 

Jared Sparks. Edward Everett. Theodore Frelinghnysen, Bobot C. "Wlnthrop, John XeXMaSt 

Simon Greenleaf. Thomas S. Williami, — and a lai^ number of ofhen of like ehaiaeter and 

standing of the above, whose names cannot here appear. IK 



IMPORTA NT NEW WORKS. 

THE CHBISTIAN LIFE : Social and IndiyiduaL By Pbteb Batss, A. M« 

Umo. Cloih. $1.26. 

Contents.— Tast I. Statemkst. I. The Indiyidnal Lift. II. The Social Lifti 
PABT n. EzPOSiTios AND iLLUSTBATloir. JBook L Christianity tKe Basis of 
Social Lifk. L First Prineiples. II. Howard; and the riie of Philanthropy. HL 
Wilberforoe; and the development of Philanthropy. IT. Badgett; the ChrJ8tia& 
Freeman. Y . The social problem of the age, and one or two hints towards its solution. 
Book II. Christianity the Bcuis of Individual Charaeter. I. Introductory : a few 
Words on Modem Doubt n. John Foster, m. Thomas Arnold. IV. Thomas 
Chalmers. Part m. Outlook. I. The PositiTe Philosophy. II. Pantheistio 
Spiritualism, m. Goieral Conclusion. 

Pabtioulab attention is invited to this work. In Scotland, its publication, during 
the last winter, produced a great 8ensati<m. Hugh Miller made it the sul]|)ect of an 
elaborate review in his paper, the Edinburgh Wttness, and gave his readers to under- 
stand that it was an extraordinary work. The ** News of the CSutrehes^" the monthly 
organ of the Scottish Free Church, was equally emphatic in its praise, pronouncing 
it ** the religious book of the season." Strikingly original in plan and brilliant in 
execution, it far surpasses the expectations raised by the somewhat fluniliar title. It 
Is, in truth, a bold onslaught (and the first of the kind) upon the Pantheism of Carlyle, 
Fiebte, etc., by an ardent admirer of Carlyle; and at the same time an exhibition of 
the Christian Life, in its inner principle, and as illustrated in the lives of Howard, 
Wilberforoe, Badgett, Foster, Chalmers, eto. The brilliancy and vigor of the author's 
■tyle are remarkable. 

PATRIABCHT; or, the Family, its Constitution and Probation. By John 
Habbib, D. D., President of ** New College," London, and aathor of " The 
Great Teacher," " Mammon," ** Pre-Adamite Earth," ** Man Primeval," etc. 
12mo. Cloth. fl.26i. 

This is the third and last of a series, by the same author, entitled " Contributions 
to Theological Science." The plan of this series is highly original, and thus far has 
been most snccessAilly executed. Of the first two in the series, " Pre-Adamlte Earth," 
and ** Man Primeval," we have already issued four and five editions, and the demand 
ttill continues."^ The immense sale of all Dr. Harris's works attest their intrinslo 
popularity. The present work has long been expected, but was delajed owing to the 
author's illness, and the pressure of his duties as President of New College, St. John's 
Wood. We shall issue it f^om advanced sheets (a large portion of which have already 
been received) simultaneously with its publication in England. 

QOD REVEALED IN NATURE AND IN CHRIST : Including a Refutation 
of the Development Theory contained in the " Vestiges of the Natural History 
of Creation." By the Author of ** The Phuosopht of thb Plan of Sai^ 
yation." 12mo. Cloth. $1.25. 

Thb author of that remarkable book, " The Philosophy of the Plan of Salvation," 
has devoted several jears of incessant labor to the preparation of this work. Without 
being specifically controversial, its aim is to overthrow several of the popular errors 
of the day, by establishing the antagonist truth upon an impregnable basis of reason 
and logic. In opposition to the doctrine of a mere subjective revelation, now so 
plausibly inculcated by certain eminent writers, it demonstrates the necessity of an 
eoctemal, olitJective revelation. Especially, it fhmishes a new, and as it is conceived, 
a eondusive argumrait against the ** development theory " so ingeniously maintained 
in the ** Vestiges of the Natural History of Creation." As this author does not pub- 
lish except when he has something to say, there is good reason to anticipate that the 
work will be one of unusual interest and value. His former book has met with the 
most signal success in both hemispheres, having passed through numerous edition! 
In England and Scotiand, and been translated into four of the European langoagaa 
besides. It is also about to be translated into the Hindooetanee tongue. Cm) 



CHAMBERS'S WORKS. 



CHAMBERS'S HOME BOOK AND POCKET MISCEXLANT. Gba- 

taining a Choica Selection of InterestiDg and Instructive Reading for tfae Old tad ths 
Young, Six vols. 16mo, cloth, 3,00. 

lUs woric la eoBtidend ftiOj eqod, H mC npoiar, todlher of tlie Chembw'e otfcer irmto tai 1^ 
tiart, and. like theno, ooateinB a ^aat find of vabiable tnthnnatton. FoUowiiif aomewkat tbeptaa 
of tlM "MtooeHany/ tt i« adniraMy adaptfKl to tb« adioot ok tiieftmUy Iteaiy.ftusuabing ample v»> 
lif^ for eveiy claaa of r«ader% both old and young. 

We do not know how it ia poarible to pabliah ao much good xeadlag. matter aft a«ch a low prieiw 
We apeak a good word for the litenuy ejujellanca of th« atoiiea la ^a work t we hope our people wife 
introduce it into all their familiea. in order to drive away the miaerable flaahy-traahy atulT ao offeHft 
found in the handa of our young people of both aexes. — ScieHt{fic American. 

BothaaenftaKtainingaadlnatructtTework.aaitiaoeitaUilyavBi7cheapoiie.-*i*«rtCa» Meeordtn 

Iteaanot bnthanre an extmahre drculaftlon. — ABtemtf Aqreaa 

Excellent atoriea from one of the beat aourcea in the world. Of all the aeiiea of eheap hooka, liia 
promisea to be the beat — Bangor Mercury. 

If any peiaon wiahea to read fbr amvuwment or profit, to kin time or iraproye it, get ** Chamber^ 
H(»ne Book.** — Chicago Times, 

The Chamben are confeaaedly the heaft eatereis for papolar and naefnl reading in the wodd.--' 
Wiau^tJBomeJomTua. 

A very entertaining, Inatmetiv^ and popaUaf worlfc -^ N, 7, C o »mt r ekA 

The ertielea are of that attractire aort which anita na In mooda of indolenoe, wtMa we-woald Itagir 
half way between wakef ulnea* and ileep. They require jnat thought and actiTity enough to keep onr 
ftaft ikom the land of Nod, ndtnout forcing na to run, walk, or even atand.— £c2«cltCi Portiamd. 

The reading oonhdned in theae bocka la of a miaeellaneona chaiaeler, ealcnlatad te have the yvf 
beat eflbct upon the minda of young readera. While the coatenta are veqr far from being paciila» Uiey 
are not too heavy, but moat admirably calculated for the object intended. — Evening Otutette. 

Coning ftom the aouroe they do, we need not aay that the articlea are of the highest literaiy txttA* 
lence. We predict for the work a large aale and a boat of admirers. — East Bos0n Ledger, 

It la Jnat the thing to amnae a leianre hour, and at the aaoie tiaae comUnea tnafmction with anrnia 
ment. — Dover Eiqmrer, 

Meaera. Chambera, of Edinbor^ have beeome fanwua wherever the Eag^ah lan guage le apokem 
and read, for their intereating and Inatnactive pubUcationa. We have never yet met with any tlung 
which bore the aanction of their namea, whoae moral tendency was in the least degree questionable. 
They combine instruction ndth amusement, and throughout they breathe a spirit of the purest moralr 
]ty,— Chicago Tribune, 

CHAMBERS'S REPOSITORY OF INSTRUCTIVE AND AMUSING 
PAPERS. With Illustrations. An entirely New Series, and containing Original Arti- 
cles. 16mo, cloth, per vol. 50 cents. 

The Meaara. Chambera have recently eommeneed the pubUeatton of fhia weak, under the title of 
"Chambbrs's Rspositort Of Ikstbuctivs AiTD Aacvsuro Tracts," in the form of penny 
weekly sheets, similar in style, literary character, ftc, to the " Miscellany,** which has mainhdned an 
enormous circulation of more than eighty thotuand capiee m Englandt and haa already reached nea^ 
the aame sale in this country. 

Arrangements have been made by the American pnbllshera, bj which they will iaaue the weak 
sbnultaneoualy with the Engliah edition. In two monOily, handsomely bound, 16roo. volnmea, of 90 
pagea each, to continue until the whole aeriee la completed. Each vohuM complete in ItaeK and wiU 
he aold In aete or single voinmee. 

•V> Commendatory Letters, Reviews, NoHcea, te., of each of Chambera'a worin, aafldent to nnka 
a good alxed duodecimo volume, have been received by the pubUahera, but room here will only aOuw 
gMskg a apedmen of the vaat multitude at hand. They are all popular, and oontein valnaMe laa lau a 
lira and eatailaiahig reading ~ auch aa ahould be found in every Aadly, aehool, and ooUflfa libniy* 

F 



VALUABLE WOEK. 



CYCLOPEDIA OF ANECDOTES OF LITERATURE AND THE 
FINE ARTS. Containing a copious and choice selection of Anecdotes of the variou* 
forms of Literature, of the Arts, of Architecture, Engravings, Music, Poetry, Painting, 
and Sculpture, and of the most celebrated Literary Characters and Artists of ditfcrent 
Countries and Ages, Sec. By Kazlitt Abvine, A. M., Author of " Cyclopaedia of Moral 
and Religious Anecdotes.** With numerous illustrations. 725 pages octavo, cloth, 3,00. 

This is unquestionably the choicest collection of anecdotes ever published. It contains three thou^ 
tand and forty Anecdot^Sy many of them articles of interest, containing reading matter equal to half a 
dozen pages of a common 12mo. volume ; and such is the wonderful yariety, that it will be found aa 
ifanoct inexhaustible fund of interest for every cUsi of readers. The elabomte classification and in- 
dexes must commend it, especially, to public speakers, to the various classes of literary and scientiMr 
men, to artists, mechanics, and others, as a PiCTio>'ACY,/or r^erence, in relation to facts on the num-, 
bcrless subjects and characters introduced. There are also more than one hundred and ^tyjlne 
JUustrattons, 

TVe know of no work which in the same space comprises so much valuable information in a form 
W entertaining, and so well adapted to make an indelible impression upon the mind. It must become 
a standard w<nrk, and be ranked among fhe Hew books which are indispensable to every complete 
library. — JT. Y. Chronicle. 

Here Is a perfect reposltoiy of the most choice and approved specimens of this species of informa- 
tton, selected with the greatest care ftom all souroes, ancient and modern. The work is replete with 
such entertainment as is adapted to all grades of readers, the most or least iutellectuaL — Methodist 
Quarter^ Magazine. 

One of ttie most complete things of the kind ever given to fhe puhlie. There is scarcely a pangraph 
in the whole book which will not interest some one deeply ; for, while men of letters, argument, and 
art cannot afford to do without its iniroease fund of sound maxims, pungent wit, apt illustrations, and 
brilliant examples, the merchant, mechanic and laborer will find it one of the cltoicest companions of 
the hoars of relaxation. " Whatever be the mood oi' one's mind, and however limited the time fin* 
reading, in the almost endless variety and great brevity of the articles he cim iind aomething to suit 
bis feelings, which he can begin and end at once. It may also be made the very life of tJie social circle, 
containing pleasant reading for all ages, at all times and seasons. — Bvffalo Commercial Advertiser. 

A well spring of enterfaunment, to be drawn from at any moment, comprising the cluHcest anecdotes 
of distinguished men, from the remotest period to the present time. — Jiangor Whig. 

A magnificent collection of anecdotes touching literature and the fine arts. — ^Qiany Spectator. 

This work, which is the most extensive and comprehensive collection of anecdotes ever published* 
cannot fidl to become highly popular. — Salem Gazette, 

A publication of which there is little danger of speaking in too flattering terms ; a perfect Thesaurus 
of rare and curious information, carefully selected and methodically arranged. A jewel of a book to 
lie on one's table, to snatch up in those brief moments of leisure that could not be very profitably 
turned to account by recourse to any connected work in any department of literature. — Troy Budget, 

No ftmily ought to be without it, fbr it Is at once cheap, valuable, and very interesting y containing 
matter compiled fh>m all kinds of books, trata all quarters of tlie globe, from all ages of the world, and 
in relation to every corporeal matter at all worthy of being remarked or remembered. No work has, 
been issued firom the press for a number of years for which there was such a manifest want, and we 
are certain it only needs to be known to meet with an immense sale. — New Jersey Union. 

A well-pointed anecdote is often useful to illustrate an argument, and a memory well stored with per* 
sonal incidente enables the possessor to entertain hvely and agreeable conversation. — N. 1', Com. 

A rifdi treasury of thought, and wit, and learning, illustrating the characteristics and peculiarities or 
many of the mtost distinguished names in the history of literature and the arts.— PAtl. Chris. Gfa. 

The range of topics is very wide, relating to nature, religion, science, and artt fumisMng apposite, 
illustrations for the preacher, the orator, the Sabbath school teacher, and the instructors of our com- 
mon schools, academies, and colleges. It must prove a valuable work for the fireside, as well as for 
the Ubrary, as it is calculated to please and edify all classes. — Zanesv^e Ch. Register. 

This is one of the most enterteining works for desultory reading we have seen, and will no doubt 
have a very extensive circulation. As a most entertaining table book, we hardly know of any thing 
at <mce so instructive and amusingi — If, Y. Ch. haeUtgeHoer, O 



THESAURUS OF ENGLISH WORDS AND PHRASES. 

80 Claasified and Arranged as to Facilitate the Expression of Ideas, and Assist 
in Literary Composition. By Peter Mark Booet, late Secretary of the Royal 
Society, and anthor of the " Bridgewater Treatise,*' etc. Revised and Eiu 
larged ; with a List of Foreign Words Ain) Expressions most frequently 
occurring in works of general Literature, Defined in English, by Barnas 
Sears, D.D., Secretary of the Massachusetts Board of Education, assisted by- 
several literary Gentlemen. 12mo, cloth. $1.60. 



A work of great merit, admlratly adapted as a tezt4>ook for schools aua collies, and ct 
aigh Importance to every American scholar. Among the nmnerons commendatlonfl recetved 
fkom the press, hi all directions, the publishers would call attention to the following : 

' We are glad to see the Thesaums of Em^Ush Words republished in this country. It Is a most 
valuable work, giving the results of many yean' labor, m an attempt to classify and arrange tiM 
words of the English tongue, so as to facilitate the practice of composition. The purpose of an 
ordinary dictionary is to explain the meaning of words, while the ol^ect of this Thesaurus is to 
collate all the words by which any given idea may be expressed. — Putnam''9 MonOily. 

This volume offers the student of English composition the results of great labor in the form 
of a rich and copious vocabulary. We would commend the work to those who have charge of 
academies and high schools, and to all students. — ChrigtUm Gbaerver, 

This is a novel publication, and is the first and only one of the kind ever issued in whidi 
words and phrases of our language are dassifled, not according to the sound of their orthog- 
raphy, but strictly accordhig to their signification. It wlU become an invaluable aid in the 
communication of our thoughts, whether spoken or written, and hence, as a means of improve- 
ment, we can recommend It as a work of rare and excellent qualities. — Sdewt^ Amerioan. 

A work of great utility. It wUl give a writer the word he wants, when that word Is on the 
tip of his tongue, but altogether bey<md his reach. — > N. F. Timet. 

It is more complete than the English work, which has attained a Just celebrity. It is intended 
to supply, with respect to the English language, a desideratum hitherto unsuppUed in any 
language, namely, a collection of the words it contains, and of the idiomatic combinations 
peculiar to it, arranged, not hi oIpAaMioal order, as they are hi a dictionary, but accordmg to 
the ideaa which they express. The purpose of a dictionary is simply to explain the meaning 
of words —the word being given, to find its signification, or the idea it is mtended to convey. 
The object abned at here is exactly the converse of this : the idea being given, to find the word 
or words by which that idea may be most fitiy and aptly expressed. For this purp. je, the words 
and phrases of the language are here classed, not according to their sound or their orthograj^, 
but strictly according to their signification. — New Tork Evening Mirror. 

An Invaluable companion to persons engaged in literary labors. To persons who are not 
fiuniUar witii foreign tongues, the catalogue of foreign words and phrases most current in mod* 
em literature, which the American'editor has appended, will be very •aaetal.—Preabvtcrian. 

It casts the whole English language into groups of words and terms, arranged in such a man* 
ner that the student of English composition, when embarrassed by the poverty of his vocabu- 
lary, may supply himself immediately, on ooiuulting it, with the precise term for which he has 
occasion. — New Tork Evening Poet. 

, mis is a work not merely of extraordinary, but of peculiar value. We would gladly praise it. 
If anything could add to the consideration held out by the titie-page. No one who speaks or 
writes for the public need be urged to study Boget's Thesaurus. — Stear cf the Weat. 

Every writer and speaker ought to possess himself at once of this manuaL It is &r flrom 
behig a mere dull, dead string of synonymes, but It is enlivened and vivified by the classifying 
and OTstalllzing power of genuine phfiosophy. We have put it on our table as a permanent 
fixture, as near our lea hand as the Bible is to our right. — OongregationaUst. 

This book is one of the most valuable we ever examhied. It supplies a want long acknowl- 
edged by the best writers, and supplies it completely. — > Portland Advertieer. 

One of the most efficient aids to composition that research, industry and scholarship, haw 
ever produced. Its ottject is to supply the writer or speaker with the most felicitous terms 
for e^^essing an idea that may be vaguely floathig on his mind $ and, indeed, through the 
peculiar manner of arrangement, ideas themselves may be ygpi^ndftd or modified by reftrenc« to 
Xr. Bogrt's stacldatlons. — JJbton, N, T. (41) 



VALUABLE SCHOOL BOOKS. 



THE ELEMENTS OF MORAL SCIENCE. By Fbancis Watland, 
D. D., President of Brown University, and Profesaor of Moral Thilosophy. Fiftieth 
Thousand. I2nio, cloth. Price 1,25. 

*^* This work has been highly commended by Reviewers, Teachers, and others, and has 
6een adopted as a Class Book in most of the collegiate, theological, and academical institu- 
turns of the country. 

I have examined it with great aafisfkctioii and interest The vork was greafif needed, and is well 
executei. Dr. Wajrland deKrres the grateful aelaiowledgments and liberal patronage of the public. 
I need aay nothing further to express my higli estimate of the work, than that we shall immediately 
adopt it for a text book in our university. > Bsv. Wilbuk Fisk, kae Pre*, qf Wetleycm OtUvertity, 

The work lias lieen read by me attentively and thoroughly, and I think very highly of it The au- 
thor himself is one of the moat estimable of men, and I do not know of any ethical treatise in which 
our duties to God and to our fellow- men are laid down with more prcdnon, simplicity, cleaiaess, en- 
eigy, and truth. — How. James Kkkt, late Chancellor qf Iie,w York, 

It is a mdical mistake, in the education of youth, to permit any book to be used by students as a 
text book, which contains erroneous doctiinos, especially when these are f^damental, and tend to 
vitiate the whole system of morals. 'We have been greatly pleased witli the method which President 
Vayland has adopted i he goes back to the simplest and most fundamental principles: and, in the 
statement of his views, he unites perspicuity witii conciseness and precision. In all the author's lead- 
ing fundamental prudples we entirely concur. — Biblical RepogUorp, 

TUs is a new work on morals, Ibr academic use, and we welcome it with much satisfiietioo. It Is 
fhe result of several years' reflection and experience in teaching, on the partof its justly distinguished 
author i and if it is not perfectly what we could wish, yet, in the most important respects, it supplies 
a want which has been extensively felt It is, we think, substantially sound in its fundamental prin« 
eiples; and, being comprehensive and elementary in its plan, and adapted to the purposes of instruo« 
lion, it will be gladly adopted by those who have for a long time been dissatisfied with the existing 
works of Faley. — Literary and Theological Heview, 

MORAL SCIENCE, ABRIDGED, by the Author, and adapted to the 
Ufa of Schools and Academies. Thirty-fifth Thousand. 18mo, half cloth. Price 50 eta. 

9^ The more eflbctually to meet the denre expressed for a cheap edttton for schools, one 
to now issued at the reduced price qf^ ceitts per copy ! and it is hoped thereby to extend the 
benefit oi moral instruction to all the youth of our land. Teachers, and all others engaged 
in the traming of youth, are invited to examine this work. 

J>r. WayUnd has published an abridgment of his work, for the use of sehools. Of this rtepweean 
hardly speak too highly. It is more than time that the study of moral philosophy should Im intro- 
duced into all our institutions of education. We are happy to see the way so auspiciously opened 
for such an introduction. It has been not merely abridged, but also rewritten. We cannot but regard 
the labor as well bestowed. — JVortA Jmerican Review. 

We speak that we do know when we express our high estimate of Dr. Wayland's ablBty fa teach- 
ing moral philosophy, whether orally or by the book. Having listened to his instructions in this de- 
partment we can attest how lolly are the principles, how exact and severe the argumentation, how 
appropriate and strong the illustrations, which chaneteriae his system. — Watekma^ a»d S^/leetor. 

The work of which this volume is an abridgment is well known as one of the best and most com- 
plete works on moral philosophy extant The author is well known as one of the most profound 
schohm of the age. That the study of moral science, a science which teaches goodneu, should be a 
hnmch of education, not only in our colleges, but in our schools and academies, we believe will not 
be denied. The abridgment of this work seems to us admirably calculated ft>r the purpose, and we 
hope it will be extensively applied to the purposes for which It is Intended. — Mercantile Journal. 

We hail fhe abridgment as admimUy adapted h> supply the deficiency which has long been ftlt In 
eommon school education— the study of moral obligation. Let the child early be taughttte rela- 
ttons It sustains to man and to Its Maker, and who can fbretell how many a sad and disastrous over- 
fhrowof ehaiaeteiwill be prevented, and how elevated and poxewffl be the sense of hitegrity and 



VALUABLE SCHOOL BOOKS. 



ELEMENTS OF POLITICAL ECONOMY. By Fhancis WATLAirni 
D. Dl, President of Brown University. Twenty-sixth thousand. 13nio, cloth, 1,25. 

9W This Important work of Dr. Wajrland ■ is fut taking the place of every other text book on the 
•ulgecl of Folitieal Economy in our colleges and higher schools in all parti of the country. 

The author says, '* his oltfect has been to write a book which every one who chooses may under* 
stand. He has, thereftnre, labored to express the general principles in the plainest manner possible, 
and to illustrate them by cases with which every person is familiar. It has been to the author a 
source of regret, that the course of discussion in the following pages has, unavoidably, led him over 
ground which has ftequenfly been the arena of poUtical controversy. In all such cases, he has endear- 
ored to state what seemed to him to Im truth, without fear, fitvor or aiftction. lie is conscious to him- 
self of no bias towards any party whatever, and he thinks that he who will read the whole work will 
be convinced that he has been influenced by none." — Extract from the Pr^act, 

It embraces the soundest system of republican political economy of any treatise extant— ^Jrocale. 

We ean say, with aafle^, that the topics are well selected and arranged : that the author's name is a 
guarantee for more than usual excellence. We wish it an extensive circulation.— ^Y. Y. OJtcrccr, 

POLITICAL ECONOMY, ABRIDGED, by the Author, and adapted 
to the use of Schools and Acftdemiea. Thirteonth thousand. 18uio, lialf morocco. 
Price 50 cents. 

%* The saccess which has attended the abridgment of ** The Elements of Aloral Sci- 
ence *' has induced the author to prepare an abridgment of this work. In this case, as in 
the other, the work has been snttrely rewritten, and an attempt has been made to adapt it to 
the attainments of youth. 

The original work of the author, on Political Economy, has already been noticed on our pages t and 
the present abridgment stands in no need of a recommendation from us. We may be permitted how- 
ever, to say, that both the rising and tlie risen generations are deeply indebted to Dr. Wayl^nd for the 
skill and power he has put forth to bring a highly important sulgect distinctly before them, within 
such narrow limits. Though " abridged for the use of academies," it deserves to be introduced into 
every private family, and to be studied by every man who has an interest in the wealth and proqicr- 
ity of his country. It is a sutqect little understood, even practically, by thousands, and still less un- 
derstood theoretically. It is to be hoped this will form a class book, and be folUiftiUy studied in our 
academies, and that it will find its way into every family library i not there to be shut up unread, but 
to afford rich material for thought and discussion in the ftmily circle. It is fitted to enlai^ge the mind, 
topurify the judgment, to correct erroneous popular impressions, and assist every 'man informing 
opinions of public mcasiues, which will abide the lest of time and experience. — FuriUm Recorder, 

An abridgment of this dear, common-sense work, designed for the use of academics, is just pub- 
ilshed. We r^olee to see such treatises spreading among tho people ( and we uiige all, who would be 
intelligent flreemen, to read them. — JfT. Y* Tranecript, 

PALEY'S NATURAL THEOLOGY. Illustrated by forty Plates, and 
Selections from the notes of Dr. Pazton, with additional Notes, original and selected, for 
this edition ; with a vocabulary of Scientific Terms. Edited by John Ware, M. D. 
New edition, with new and elegant lUustratione* ISmo, sheep, 1,25. 

i asr This deservedly popnlsr work has become almost universally introduced Into all schools, acad- 
amies, and colleges, where the sulqect is studied, throughout the country. 

The work before us is one which deserves rather to be studied than merely read. Indeed, without 
diligent attention and study, neither the excellences of it can be fully discovered, nor its advantages 
realized. It is, therefore, gratifying to find it introduced, as a text book, into the colleges and literary 
Institutions of our country. The edition before us is superior to any we have seen, and, we believe, 
superior to any that has yet been published. — Spirit qf the FUffrims, 

Perhaps no one of our author's works gives greater satisfaction to all classes of readers, the young 
and the old, tho ignorant and the enlightened. Indeed, we recollect no book in which the argumenta 
for the existence and attributes of the Supreme Being, to be drawn (Vom his works, are exhibited in a 
manner more attractive and more convincing. — Christian JExommer. 2f 



VALUABLE SCHOOL BOOKS. 



BLAKE'S FIRST BOOK IN ASTRONOMY. Designed for the Use 
of Academies and Schools. By J. L. Blake, D. D. With superb Illustrations on Steel. 
8vo, cloth back, 50 cts. 

I am much indebted to you fbr a copy of the First Book in Astronomy. It is a work of utility and 
merit, far superior to any other which I haye seen. The author has selected his topics with great 
judgment, — arranged them in admirable order, — exliibiteU them in a style and manner at once taste- 
Ail and philosophicaL NotMng seems wanting, — nothing redundant. It is truly a very beautiful 
and attractive txx>k, calculated to afibrd both pleasure and proiit to all who may enjoy the advuntage 
of perusing it. — £. HlvcxLKr, Prqfesaor of Mathematics, Maryland UmvtrsUy, 

I know of no other work on astronomy so well calculated to interest and instruct young learners 
in this sublime science. — B. Fiai<D, late Principal of the Hancock School, Dottotu 

I consider it decidedly superior to any elementary work of the kind I have ever seen. — Jam ics F. 
OocLD, A. M., Prin, of High School for Touny Ladies, Jialtiiiiore, Md. 

I hare examined Blake's First Book in Astronomy, and am much pleased with it A very hnpry 
■election of topics is presented in a manner which cannot fuil to interest the learner, wliile tlie ques- 
tions will assist him materially in fixing in the memory what ought to be retained. It leaves the most 
intricate parts of the subject for tliose who are oble to master them, and brings before tlie young pupil 
only what can be made intelligible and iutercstiug to him. - Isaac Foster, Instructor of Youths 
Portkmdf Me. 

The illustrations, both pictorial and verbal, are admirably intelligible ; and the definitions are such 
as to be easily comprelicnded by juvenile scholars. The author h;is interwoven with his scientl&c in- 
structions much interesting historical information, and has coutrivv d to dresd his pliilosophy in a garb 
truly attractive. — H. T. Daily Evening Journal. 

We are tree to say that it is, in our opinion, decidedly the best work we have any knowledge of on 
the sublime and interesting subject of astronomy. The knowledge imparted is, iu language, at once 
chaste, elegant, and simple — adapted to the comprehension of those for whoni it was designed. We 
only hope the circulation of the work will bo commensurate with its merits. — Loston Evening Qaz, 

We do not hesitate to recommend it to the notice of the superintending committees, teachers, and 
pupils of our public schools. — State Uerald, Portsmouth, X JI. 

BLAKE'S NATURAL €*HILOSOPHY. Being Convereations on Phi- 
losopfay, with the addition of Explanatory Notes, duesticns for Exiimination, and a 
Dictionaiy of Philosophical Terms. By J. L. Blake, D. D. With twenty-eight fine 
Illustrations on Steel. ISino, sheep, 67 cts. 

\* Perhaps no work has contributed so much as this to excite a fondness for the study 
4^ Natural Philosophy in youthful minds. The familiar comparisons with which it abounds 
awaken interest, and rivet the attention of the pupil. 

I have been highly gratified with the perusal of your edition of Conversationt on Natural Fhilot- 
ophy. The Questions, Notes, and Explanations of Terms, are valuable additions to the work, and 
make this edition superior to any other with which I am acquidnted. I shall recommend it wheiever 
I have an opportuni^. — Bav. J. Aoaxs, President <if Charleston College S. C 

We avail ourselves of the opportunity Aimished us by the publication of a new edition of this de- 
servedly popular work, to recommend it, not only to those instructors who may not already have 
adopted it, but also generally to all readers who are desirous of obtaining information on the subjects 
on which it treats. By questions arranged at the bottom of the pages, in which the collateral facts are 
arranged, he directs the attention of the learner to the principal topics. Mr. Blake has also added 
many notes, which illustrate the passages to which they are appended, and the Dictionary of Fhilo- 
sophical Terms is a iiseful addition. — U^. S. Literary Gazette. 

THOUGHTS on the present Collegiate System in the United States. By 
Fbancis Wayland, D. D., Prcs. Brown University. Price 50 cts. 

** These Thoughts come tram a source entitied to attention ; and, as the au&or goes over tiie whole 
ground of collegiate education, criticizing fVeely all the arrangements in eveiy department, the book 
Is Tczy fUl of nuUter. We hope it will prove the beginning of a thmongh discussion." If 



VALUABLE SCHOOL BOOKS 



THE YOUNG LADIES' CLASS BOOK. A Setection of Lessons for 

Reading, in Pruse and Verse. By £. Bailey, A. M., late Principal of the Young Ladieif* 
High School, Boston. lS2mo, sheep, 83} cts. 

The united (esftniMiy qf the PrincipaU qfaUthe Boston Publtc Schools/or Fematea. 

* Ve hare examined the Young Ladies* Clan Book with intcreit and pleasure : with interest, becanw 
ve have felt the want of a reading book expressly designed for the use of females ; and with pleasure, 
because we have found it well adapted to supply the deficiency. In the selections for a Header de- 
■igned for boys, the eloquence of the bar, the pulpit, and the forum may be laid under heary contri- 
bution ; but such selections, we conceive, are out of place in a book designed for females. We have 
been pleased, therefore, to observe that in the Young Ladies' Class Book such pieces are rare. The 
high-toned morality, the freedom from sectarianism, the taste, richness, and adaptation of the selec- 
tions, added to the neatness of its external appearance, must commend it to all i while the practical 
teacher will not full to observe that diversity of style, together with those peculiar iwmts-, the want of 
which flew, who have not felt, know how to supply." 

I have examined with much interest the Young Ladies' Class Book, by Mr. Bailey, and have been 
very highly pleased with its contents. It is my intention to introduce it into my own school ; as I re- 
gard It as not only remarkably well fitted to answer its particular object as a book of exercises in the 
art of elocution, but as calculated to have an influence upon the character and conduct, which will 
in every respect favorable. — Jacob Abbott, late Prin. qf Mount Vernon School^ Botton. 

We were never so struck irlth the importance of having reading books for fenude schook, minptetk 
Xmrticularly to that express purpose, as while looking over the pages of this selection. The eminent 
■uccess of the compiler in teaching this branch, to which wc can personally bear testimony, is suffi- 
cient evidence of the character of the work, considered as a selection of lessons in elocution; they are, 
in general, admirably adapted to cultivate the amiable and gentle trait* of the female character, M well 
•s to elevate and improve the mind. — Annate qf Education. 

The reading books prepared fbr academic use are often unvuitable for females. We are glad, ihere« 
fbre, to perceive that an attempt has been made to supply the deficiency ; and we believe that tiie task 
has been faithfully and successfully accomplished. The selections are judicious and chaste, and, so 
tu as they have any moral bearing, appear to be unexceptionable. -- Education Reffiate 

ROMAN ANTIQUITIES AND ANCIENT MYTHOLOGY. ' By 
Charles K. Dillaway, A. M., late principal in the^oston Latin School Twelfth 
edition, improved. 12mo, half mor., 67 cts. 

Having need DUlaway's Roman Antiquities and Ancient Mythology in my school for several yean^ 
I commend it to teachers with great confidence, as a valuable text book on those interesting branchee 
of education. — £. Bailxt, late Prin. of Yomxg Ladies^ High JSchool, Boston. 

The want of a cheap volume, embracing a succinct account of andent customs, togetiier with a viev 
of classical mythology, has long been felt To the student of a language, some knowledge of the man- 
ners, habits, and religious feelings of the people whose language is studied, is indisi>ensably requisite. 
This knowledge is seldom to be obtained without tedious research and laborious investi^zatimu Mr. 
DUlaway's book seems to have been prepared with special reference to the wants of those who are jnrt 
entering upon a classical carew ; and we deem it but a simple act of justice to say tliat it supplies Om 
want wliich, as we have bef<»e said, has long t>een felt. In a small duodecimo, of about one hundred 
and fifty pages, he concentrates the most valuable and interesting particulars relating to Roman an- 
tiquity I together with as full an account of heathen mythology as is generally needed in our highest 
seminaries. A peculiar merit of this compilation, and one which will gain it admission into our highly 
respectable /emole seminaries, is the total absence of all allusiun, even the most remote, to the disgust- 
ing obecenitiea ot ancient mythology ; while, at the same time, nothing is omitted which a pure mind 
would feel Interested to know. We recommend the book as a valuable addition to the treatises in our 
aehools and academies. — Education Reporter^ Boston. 

We well remember, in the days of our pupilage, how unpopular as a study was the volume of Bo- 
uan Antiquities introduced in the academic course. It wearied on account of its prolixity, fiUing a 
thick octavo, and was the prescribed task each afternoon for a long three months. It was reserved fbr 
(me of our Boston instructors to apply the condensing apparatus to this mass of crudities, and so to 
modernize the antiquities of the old Romans, as to make a befitting abridgment for schools of the first 
order. Mr. Dillaway has presented such a compilation as must be interesting to lads, and becoma 
popular as a text book. Historical facts are stated with great simplicity and clearness t the roost iia- 
potattt polataara Mixed upon, while trifling pecttUaxittca are paMeduanotlG«d.—.^lsi. TraveOer, 

O 



VALUABLE SCHOOL BOOKS. 



THE CICEBONIAN ; or the Prossian Method of Teaching the Latin 
JLtnguagB. AdiqMed to tbe um of Ameriean Scbools, by ProC Ba&nas Sea&s, 8ec- 
rataiy of the MassaebuBetta Board of Edacatioo. l&no, half morocco, 50 cts. 

"We oonrider fhii book a reiy TRluable aeqiiidtioa to oar itoek of elemcntMy worki^ Iti gmt 
merit if, that it lenden the elementazy infltraction In Latin less mechanical, by constantly calling the 
xeaeoning power of the pupil into action, and givet, flrom the beginning, a deeper inright into the very 
nature, prindplei, and laws, not only of the Ijatin language, bat of language in generaL" — Cbabubs 
Bbcx and C. C. Fkltoit, Prq/k. m Harvard Univertity. 

** I hare examined, with much plcaanre and proAt, the (3oraoDlan,piepa]ted by I>r. Bean. Itlsad« 
mirably adapted to make thorough teachers and thorough pupils. The plan of the work is excellent 
as it constantly calls the attention of the pupil to the peculiar constructton and idioms of the language i 
and, by a system of cottstant rerlews, keeps the attention upon them till they are petmanently fixed. 
The puiril who shall go through fiiia book in the manner pointed out In the plan of instraction, will 
kaow mom Ihan most do who hara read volumes." — 8. EL Tatlob, Prin. PhiOipf Acad^ Andaver* 

* We have examined the Ciceronian, and have made use of it in our institution. We consider it a 
iNiy TaloaUe aid in teaahing Am elemants of the Latin tangue." — Jacob and Oobhax D. Abbott. 

The book Is peculiarly fitted ibr young leamen, and is eminently adapted to make thorough lin« 
foiats and independent seholan. We recommend to all teachers of the languages to avidl themselvea 
of the eariieat oppoctonity to become acquainted with Its contents. -> ChruHan Review, 

ft ofciso r Sears is one of the ripest seholars, and we scarcely know a work accomplished by him 
Biore important than the preparation of this Uttle voluDM. — JB<b2tcoi JtgMiitorv 

MEMOBIA TECHNICA; or, the Art of Abbreyiatipg those Studies 
which give the greateet Labor to the Memoiy ; also Rules for Memorizing Technicalittea, 
Nomenclatures, Proper Names, Prose, Poetry, etc Embracing the Rules found in Mne- 
monics or Mnemotechny of Ancient or Modem Times. To which Is added a Perpetual 
Almanac By L. D. Johnson. Third Edition, revised and Improved. Octavo, 50 ct&> 

We fbel no hesitation in recommending fhia work to the d^berato attention of toaehers, and the 
guardians of youth. — Bottom Courier. ■ 

This system, diAring oonsidembly tiook. the one introduced by Prof. Qouraud, f^imidies rules far 
aiding tiie memoiy wittioat lessening mental culture, which can be made available during a course of 
•lementaiy study. Tlie illustrations may be easily comprehended, and the application of the prin- 
ciples upon which the system is based, famish an agreeable and usefid exercise to the mind. — Jf. K 
Jbacher^ AdvoeeOe, 

FIRST LESSONS IN INTELLECTUAL PHILOSOPHY ; or EamOiar 
Explanations of the Nature and Operations of the Human Mind. By S. Blaisdalb. 
lSmo« sheep, 84 cts. 

FBOGBESSIYE PENMANSHIP, Plain and Ornamental, for the use of 
Sctaook. By N. D. Gould, author of *< Beauties of Writing," " Writing Master's As- 
sistant," etc, in jSve ports, each 12| cts. IiXTtvk 8mxT Size, in /our books, stiff covers, 
each 90 cts* The ** Copibs " of the whole seriea, aeparately hound in one book, 16} cts. 

Tliem are ninety-eix copies, presenting a regular indnettTe system of Fenmaashim so dttreralfied ' 
by the iatraductiom of variatlonB in style, as tooonunand tte constant attention, and exerdse the in- 
genuity of the learner, thus removing the most serious obstacles to tlie success ofthe teacher. They 
are divided into jfve series^ for a like number of boohs, and are se anaagad that a copif always comes ' 
over the top of the page on which it is to be written. 

8V> This woric is Intradueed intoSehoolsin Boiton andTldnily PubBoand RlTats^ sad g lyes u nt- 
Tersal satiafiMStion. 

We have seen no writing books that we like better. — Christian Xeffitter. 

This Is the result of long and carefVil attention to the sutgect of penmanship. We can saftiy advlst 
flMnseof It by teachers and scholars.— C!E>fHrre9a<M>iMili«<* P 



VALUABLE SCIENTIFIC WORKS. 



PRINCIPLES OP ZOOLOGY : toaching the Stractore, Deyelopment, 
DistributkiD, and Natural Anangement of the Races of Animal*, living and extinct. 
With numerous lilustration& For the Use of Schools and Colleges. Part 1., COHPABA- 
TiVE Physiology. By Louis Aoassiz and Auscstus A. Gould. Revised 
Edition. 12mo, cloth, 1,00. 

TUs work places us in po— ew lon of inAnrmation half a eentniy In adrance of all our elementaxy 
worki on this sutyect . . No work of flie nune dimensions has ever appeared in the English lan- 
gnage containing so mnch new and valuabla infinmiation on tte Bul^ect ct wliich it treats. — Fbof. 
Jambs Halu 

A work emanating flrom so liigh a source luodly requires commendation to give it cnrrmcj. ^le 
volume Is prepared fbr the student in zoological science; it is simple and elementary in its style, foil 
In its illustrations, comprehensive in its range, yet well condensed, and brought into the narrow com- 
pass requisite for the purpose intended. «» SfKtmon's JoumdL 

The work may safely be recommended as the best bocdc of the kind in onr language. — CArMfaM 
Examiner, 

It is not a mere book, hut a work - a real work, in the form of a book. Zoology Is an intnesting 
science, and is here treated with a masterly liand. The Idstmy, anatomical structure, tiie nature and 
habits of numberless animals, are described in clear and plain language, and illustrated with innumes^ 
able engravings. It is a work adapted to colleges and schools, and no young man should be without 
It — Scientifie American, 

PRINCIPLES OF ZOOLOGY, PART II. Systematic Zoology, in 
which the Principles of Classification are applied, and the principal Groups of Animals 
are briefly characterized. With numerous Illustrations. ISmo, in pr^aration, 

THE ELEMENTS OF GEOLOGY; adapted to Schools and Colleges, 
with numerous Illustrations. By J. R. Loonris, late Professor of Chemistry and Geology 
in Waterville College. I2mo, cloth, 1,00. • 

After a thorough examination of the work, we feel eonvincfd that in aU the requirements of a text- 
book of natural science, it is surpassed by no work liefore the American public In tliis opinion wo 
believe the great body of experienced teachers will concur. The work will be found equally well 
adapted to the wants of those who have given Uttle or no attention to the science in early life, and are 
dedrons to become acquidnted with its terms and principles, with the least consumption of time and 
labor. We hope tliat every teacher among our readers will examine the work and put tiie justness 
of our remarlcs to the test of Ills judgment and experience. - M. fi. Andxrsok, Pres. qf Rochester 
UniversUy, 

This is just such a work as Is needed for our schools. It contains a systematic statement of the 
principles of Geology, without entering into the minuteness of detail, which, thon^ interesting to the 
mature student, conftises the learner. It very wisely, also, avoids those controverted points wliich 
mingle geology with questions of Ublical criticism. We see no reason why It should not take its 
place as a text book In all the schools hi the Und. - y. T. Observer. 

This volume merits the attention of teachers, who, if we mistake not, will find it better adapted to 
ttidr purpose than any other similar work of which we have knowledge. It embodies a statement 
f of the principles of Geology suffldently fhll for the ordinary purposes of instruction, with tiie leadhig 
ftcts flrom which they are deduced. It embraces the latest results of tiie science, and indicates the 
debatable points of theoretical geology* The plan of the work is simple and cliear, and the style In 
Which it is written is both compact and hidd. We have spedal pleasure In welcoming its appearance. 
— Wat^num and Reflector. 

This volume seems to be just the book now required on geology. It win acqubre rapidly a drcula- 
tton, and will do much to popularise and universally diflhse a knowledge of geological truths. >- AU 
bony Jbumoli 

It gives a clear and sdentiflc, yet sfanple, analysis of the mahi features of tiie sdence. It seenu^ tat 
teiguage and Illustration, admirably adapted for use as a text book in common schools and academiesi 
while It Is vastly better than any tldng which was used in college in our time. In all these eapadtiea 
wepartlcnhuiysndoordlaUyreeonunendIt — ClDiigT«fKi«ioiiaiM,Bosioii. I> 



WORKS JUST ISSUED. 

VISITS TO EUROPEAN CELEBRITIES. By William B. Spragub, D t>. 

12mo. Gloih. $1.00. Second Edition. 

Thx first edition of this work was exhausted within a short time after its publioa* 
tion. It consists of a series of Personal Sketches, drawn from life^ of many of the 
most distinguished men and women of Europe, with whom the author becamo 
acquainted in the course of sereral European tours : Edward Irring, Rowland HUl, 
Wilberforce, Jay, Robert Hall, John Foster, Hannah More, Guizot, Louis Philippe, 
Sismondi, Tholuck, Gesenius, Neander, Humboldt, Encke, Rogers, Campbell, Joanna 
Baillie, John Pye Smith, Amelia Opie, Dr. Pusey, Mrs. Sherwood, Maria Edgeworth, 
John Gait, Dr Wardlaw, Dr. Chalmers, Sir David Brewster, Lord Jeffrey, Professor 
Wilson, (ELit North,) Southey, and others, are here portrayed as the author saw them 
in their own homes, and under the most advantageous circumstances. AccomxMuiy- 
ing the Sketches are the Autooraphb of each of the personages described. This 
unique feature of the work adds in no small degree to its attractions. For the social 
circle, for the traveller by railroad and steamboat, for all who desire to be re&oshed 
and not weared by reading, the book will prove to be a most agreeable companion. 
The public press of all shades of opinion. North and South, have given it a most flat- 
tering reception. 

THE STORY OF THE CAMPAIGN. A Complete Narrative of the War in 
Southern Russia. Written in a Tent in the Crimea. By Major E. Bbucb 
Hamlet, Author of "Lady Lee*8 Widowhood." 12mo. Thick. Printed 
Paper Covers. 87^ Cents. 

Contents, —The Rendezvous —The Movement to the Crimea — First Operations in 
the Crimea— Battle of the Alma— The Battle-field- The Katcha and the Balbek— 
The Flank March— Occupation of Balaklava— The Position before Sebastopol— 
Commencement of the Siege— Attack on Balaklava— First Action of Inkermann — 
Battle of Inkermann — Winter on the Plains — Circumspective — The Hospitals on 
theBosphorus- Exculpatory— Progress of the Siege— The Burial Truce— View of 
the Works. 

This was first published in Skukioood's MagaaMU^ in which form it has attracted 
general attention. It is the only connected and continuous narrative of the War in 
Europe that has yet appeared. The author is an officer of rank in the British army, 
and has borne an active i)art in the campaign ; he has also won a brilliant reputation 
as the author of the fascinating story of " Lady Lee's Widowhood." By his profes- 
sion of arms, by his actual participation in the conflict, and by his literary abilities, 
he is qualified in a rare degree, for the task he has undertaken. The expectations 
thus raised will not be disappointed. To those who have been dependent on the 
orief, fragmentary, interrupted, and irresponsible newspaper notices of the war, this 
book will ftimish a ftdl, complete, graphic, and perfectly reliable account ttom the 
beginning. Should the author's life be spared, his history of fbture operations will 
follow, and will be issued by the publishers uniform with the present volume. 

ROGET'S THESAURUS OF ENGLISH WORDS. A New and Improved 
Edition. 12mo. Cloth. $1.60. 

This edition is based on the last London edition (Just issued.) The first 
American edition having been prepared by Dr. Sears, for strictly educational pur 
poses, those words and phrases, properly termed " vulgar," incorporated into tha 
original work, were omitted. Begret having been expressed by critics and scholars, 
whose opinions are entitled to respect, at this omission, in the present new 
edition the expurgated portions have been restored, but by such an arrangement of 
matter as not to interfere with the educational purpose of the American editor 
Besides this, there will be important additions of words and phrases net in the Eng 
Ush edition, making this, therefore, in all respects, more full and perfect than tha 
author's edition. (n) 



NE W WOR KS 

THE TEAGHEB'S LAST LESSON. A Memoir of Martha Whttiho, Istt 
of the Gharlestown Female Seminary, consisting chiefly of Extracts from hei 
Journal, interspersed with Reminisences and SnggestiTe Reflections. By 
Cathabiitb N. Badokr, an Associate Teacher. With a Portrait, and an 
Engravingof the Seminary. 12mo. Cloth. $1.00. Second Edition. 

Thb subject of this Memoir was, for a quarter of a century, at the head of one of 
fhe most odebrated Female Seminaries in the country. During that period she 
educated more than thrte thousand young ladies. She was a kindred spirit to Mary 
Lyon, the celebrated founder of Mount Holyolce Seminary, with whom, for strength 
of character, eminent piety, devotion to her calling, and extraordhiary sucoesi 
tiierein, she well deserves to be ranked. 

MY MOTHER: or Recollections of Maternal Influence. By a New England 
Clergyman. 12mo. Cloth. 76 Cents. 

This is a new and enlarged edition of a work that was first published in 1849. It 
passed rapidly through three editions, when the sale was arrested by the embarrass- 
ment of the publisher. The author has now revised it, and added another chapter, 
so that it comes before the public with the essential claims of a new work. . . . 
It is the picture of a quiet New England family, so drawn and colored as to subserve 
llie ends of domestie eduecuion. The central figure is the author's mother, around 
whom are grouped the various members of the family. Biographical sketches and 
lessons of practical wisdom are so intermingled, that while the former relieve the 

latter, these in turn give force and significance to the sketches. The 

author has already distinguished himself in various walks of literature, but from 
motives of delicacy towards the still surviving characters of the book, he chooses for 

the present to conceal his name A writer of wide celebrity says of the 

book, in a note to the publisher — " It is one of those rare pictures, painted from lifie, 
with the exquisite skill of one of the old masters^ which so seldom present themselves 
to the amateur.'* 



WORKS IN PREPARATION. 



MEMOIR OF OLD HUMPHREY. With Gleanings from his Portfolio, and 
a Pcrtrait. « 

KNOWLEDGE IS POWER. A View of the Productive Forces of Modem 
So lety, and the Results of Labor, Capital and Skill. By Chasles Knight. 
YT^th numerous Illustrations. American Edition. Revised, with additions, by 
/ ATiD A. Wbllb, Editor of the " Annual of Scientific Discovery." 

SACRED LATIN POETRY. CHIEFLY LYRICAL. Sele cted an d arranged 
for use. With Notes and an Introduction by Riohasd Crkhevix Ikkhoh. 
Revised, with important Additions by J. L. Lincoln, Professor of the Latin Lan- 
guage in Brown University. 

EXPOSITION OF THE SERMON ON THE MOUNT. Drawn from the 
Writfaigs of St. Augustfaie, with Observations. By Riomabd Chenkvix Tbencr. 



IC^ G. & L. would call attention to their extensive list of publications, 
embracing valuable works in Theclooy, Science, LrrERATUKE and Art; 
Text Books for Schools and Colleobs, and Miscellaneous, etc., In large 
variety, the productions of some of the ablest writers and most scientific men of the 
age, among which will be found those of Chambers, Hugh Miller, Agassiz, Gould, 
Guyot, Marcou, Dr. Harris, Dr. Wayland, Dr. Williams, Dr. Ripley, Dr. Kitto, 
Dr. Tweedie, Dr. Choules, Dr. Sprague, Newcomb, Banvard, " Walter Aimwell," 
Buugener, Miall, Archdeacon Hare, and others of like standing and popularity, and 
to tl.iK li?t they are constantly adding. foJ 



t 



